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id the preceding lectures have a special value, it is in indicating, on 

the basis of past experience, the methods and mode of approach, 
which will presumably yield the greatest measure of success in the 
investigation of present and future problems. Looked at in this light 
what I have cited of the past shows four important aspects: 

1. The epoch-marking labors of isolated individuals working inde- 
pendently. 

2. The application of the exact methods of physics, chemistry and 
biology to medicine. 

3. The development of laboratories for the organized and intensive 
investigation of the various problems of medicine. 

4, The idea of diminishing suffering and ameliorating social con- 
ditions. 

The first of these factors naturally suggest the names of Vesalius, 
Paré, Harvey, Hunter, Jenner, Morgagni and Haller. Some of these 
may have been influenced by antecedent work as Vesalius by Herophilus 
and Erasistratus; Harvey by his forerunners, who studied the circula- 
tion of the blood; and all, perhaps, by the old teachings of Hippocrates 
or the experimental side of Galen’s work, but the actual achievement 
of each, whether the result of chance suggestion, original conception, 
or keen observation, was the fruit of labors unassisted, prosecuted with 

*The Hitchcock lectures, delivered at the University of California, January 
23-26, 1912. 


* Presented also before the Academy of Medicine, Toronto, Canada, March 
5, 1912. 


VOL, LXXXI.—15. 




















210 THE POPULAR SCIENCE MONTHLY 


difficulty, and in most instances in opposition to the traditions of the 
profession. Such independent effort, though most prominent in the 
period previous to the year 1800, always has had and always will have 
a place in medicine. This is seen in the efforts of the individual, even 
after medicine was influenced by its ancillary sciences and, indeed, in 
the days of organized laboratory effort. In this connection, one recalls 
Sir George Baker’s demonstration that a form of colic, epidemic in 
character, occurring in Devonshire, England, was to be explained as a 
poisoning by lead; Captain Cook’s conquest of scurvy; Auenbrugger’s 
invention of the method of percussion; Laennec’s invention of the 
stethoscope; the theory announced independently by Holmes and by 
Semmelweis of the transmission of puerperal fever and many other 
independent efforts in the practise of surgery and medicine, as those 
with which we associate the names of Pinel, McDowell, O’Dwyer and 
Trudeau. 

Modern effort in research in medicine, however, as in science gen- 
erally, is, it must be admitted, organized laboratory effort, and upon 
this type of effort present-day progress would seem to depend. Never- 
theless, the individual is as important as ever, for “it goes without 
saying that laboratory buildings alone, even when adequately equipped 
and with a liberal maintenance budget, are far less important than the 
men who work in them” (Barker), but the laboratory now offers to 
the individual, with original conceptions or special talents, advantages, 
facilities and opportunities which, by aiding and supplementing the 
work of the individual, render isolated effort unnecessary, time-con- 
suming and often futile. 

Under the second head, the influence of physics, chemistry and 
biology, fall such men as the English physicists and chemists and the 
French academicians—Boyle, Cavendish, Priestley, Galvani, Faraday, 
Tyndall, Lavoisier, Gay-Lussac and Berzelius. A more direct influence 
is seen in the entrance of Pasteur, a chemist, into the field of etiology; 
of Ehrlich, a physician, but chemically trained, into the field of im- 
munity and specific chemical affinities; and of Metchnikoff, applying 
the methods of the biologist to the problems of pathology. Likewise 
Liebig and Wohler and organic chemistry ; Héppe-Seyler and physiolog- 
ical chemistry; Arrhenius and physical chemistry, Darwinism, Men- 
delism, all have had their influence, and the methods and views they 
represent have been taken over by medicine and applied to the solution 
of its problems. 

The influence of physics and chemistry in establishing the third 
factor—organized laboratory effort in special fields of medicine—we 
have seen in the beginnings of laboratory research in the second quarter 
of the past century. Virchow at the time he was urging the establish- 
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ment of pathological laboratories epitomized the history of organization 
in medical effort as follows: 

As in the seventeenth century anatomical theaters, in the eighteenth, clinics, 
in the first part of the nineteenth, physiological institutes, so now the time has 


come to call into existence pathological institutes and to make them as accessible 
as possible to all. 


Since then, the laboratory idea has spread rapidly; not alone labora- 
tories of pathology have been founded, but also laboratories of bac- 
teriology, hygiene, physiological chemistry, pharmacology and every 
branch of endeavor promising advance in the science of medicine. Not 
only have such laboratories come into existence in university schools of 
medicine and in hospitals, but many independent laboratories for 
research alone have been founded in the large medical centers, as the 
Pasteur Institute in Paris (1888), the Imperial Institute for Experi- 
mental Medicine in St. Petersburg (1890), the Institute for Infectious 
Diseases in Berlin (1891), the Lister Institute for Preventive Medicine 
in London (1891), the Institute for Experimental Therapeutics in 
Frankfort (1896), the Rockefeller Institute for Medical Research in 
New York (1901), the Memorial Institute for Infectious Diseases in 
Chicago (1902), the Henry Phipps Institute for the Study, Treatment 
and Prevention of Tuberculosis in Philadelphia (1903). Likewise, 
municipal, state, provincial and national laboratories, devoted to work 
concerned with the public health, have been established. Some, follow- 
ing the example of the first laboratory of hygiene, that of Pettenkoffer, 
founded by the Bavarian government in 1872, have been most active in 
investigation ; others are devoted mainly to the routine work necessary 
for the conservation of the public health. How essential laboratories 
of the latter type are is shown by the fact that several states, New York 
among the first, have established county or district laboratories to care 
for the problems of communities distant from the state laboratory and 
the laboratories of the larger cities. 

So also laboratories as an integral part of hospitals, the so-called 
clinical laboratories—the first of which was established by Ziemssen in 
Munich about 1886—have become a necessary part of every hospital 
which makes any pretense of accurate diagnosis and adequate therapy. 
The list might be extended to include also laboratories devoted to special 
diseases, as cancer and tuberculosis, diseases peculiar to the tropics, and 
diseases of animals, or to special branches as surgical pathology, neuro- 
pathology and psychopathy. This wonderful extension of the labora- 
tory idea in medicine dates only from the simple beginnings of Purkinjé 
and Liebig in 1824-25. At the present day, Germany alone is said to 
have over two hundred such medical institutes, and to this policy of 
establishing laboratories must be ascribed her leadership in the medical 
sciences since the third decade of the past century. 
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From this brief recapitulation of the important influences affecting 
research in medicine, only one conclusion is deducible; that although 
the individual will continue to be the most significant factor in the 
situation, it is unquestionable that his perception will be constantly 
stimulated, his imagination quickened and his hands aided, by the 
opportunities, ideals and facilities of the laboratory. In the laboratory 
only can “the prepared mind” of Pasteur’s adage (“In the fields of 
observation chance favors only the prepared mind”) be properly fos- 
tered. It is in the laboratory, and under this term I include the prop- 
erly conducted hospital as the laboratory of clinical medicine, that 
medicine keeps in close touch with new discoveries in physics, chemistry 
and biology, the second of the three important factors we have discussed. 
The situation in regard to the auxiliary sciences has not changed 
since the time of Liebig, Miller and Virchow. The investigator in the 
laboratory and the investigator in the hospital still look to these sci- 
ences for assistance and eagerly apply the discoveries in each of these 
his own problems. ‘The result is a decided advantage to medicine, not 
only in that this revivifying and suggestive influence leads to accel- 
erated progress in the science and art of medicine, but also in that it 
directly influences the health and therefore the welfare, commercial and 
social, of the community. 

This brings us to the fourth factor which has influenced medical 
research in the past and should—indeed must—continue to be an ever- 
increasing influence in the future—the desire to ameliorate social condi- 
tion, by diminishing the causes of physical and mental ills. This, in a 
word, is the desire for social service; the impulse which actuated all of 
Pasteur’s work, and which he himself expressed as the desire to con- 
tribute “in some manner to the progress and welfare of humanity.” 
It is not sufficient that the individual as an investigator should be 
actuated only by his ambition and his investigations, or alone by his 
desire for exact abstract knowledge. If medical research is to be a 
vitalizing, reforming, uplifting factor, not only for the practise of medi- 
cine, but for the good of the community at large, then the whole man 
must be interested, heart and soul, not only in the technical and ab- 
stract results of his problems, but in their practical applications to 
medical and social conditions. What does this mean for medical 
research? That the laboratory shall be not only the brains, but the 
hands, of the community! It must recognize not only the problems of 
the community, but, solving the technical aspects of these problems, 
must demonstrate how they are to be met and cared for. In short, the 
investigator in medicine must be stirred by not only an abstract.interest 
in human ills, but a direct interest in the problems, prophylactic or 
therapeutic, hygienic or social, of the community, with all its differen- 
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tiation into industrial, commercial and domestic activites, of which he 
is a member. 

If I am right concerning the importance of these various influences 
it would appear safe to conclude that progress in medicine may be 
expected in the future, as in the past fifty years, through the opportuni- 
ties afforded the well-trained individual in well-equipped and well-organ- 
ized laboratories, through the cultivation of the methods of auxiliary 
sciences and through the ideal of social service. And here I may say 
that in using the term “laboratory” I do not limit the term to the 
ordinary sense, but include the idea of research work in the hospital. 
One of the great influences of the application of the laboratory idea to 
medicine has been the recognition of the principle that hospitals should 
be utilized not only for the care of the sick, which is the first and most 
important function of a hospital, but for purposes of teaching and.in- 
vestigation as well. With such a conception, a hospital becomes the 
laboratory of the science of clinical medicine and in it the clinician as 
an investigator studies disease by the same exact methods as are utilized 
in any other laboratory. 

If, then, the laboratory and the hospital are the tangible means of 
progress in medicine which our universities offer, how may research in 
the university be best served and what advantage does the university 
gain by fostering research? 

“By limiting the scope of this discussion to the university I do not 
wish it to be thought that I desire to minimize the importance of the 
work done by independent institutions for research or by state and city 
laboratories. The important work done by the Rockefeller Institute for 
Medical Research, for example, has placed this institution in one group 
with the Pasteur Institute, Koch’s Institute in Berlin, Ehrlich’s Insti- 
tute in Frankfort and the Imperial Institute for Experimental Medi- 
cine in St. Petersburg. The character of its present staff, including as 
it does, your former professor of physiology, promises as great work for 
the future as has been accomplished in the past. Likewise, the Memorial 
Institute for Infectious Diseases in Chicago and the Henry Phipps 
Institute of Philadelphia are doing valuable work in the study of the 
diseases for the investigation of which they were founded. Such insti- 
tutions point the lesson of the economic importance of research, which, 
if fully grasped by the public, would guarantee the support of inde- 
pendent institutions in every large center or wherever special facilities 
for the study of particular diseases could be found. Moreover, all these 
institutions have recognized the necessity of an intimate connection with 
a hospital in order to render their investigations most effective. 

So also laboratories of state or city departments of health as of the 
state of Massachusetts and the state and city of New York and the 
Hygienic Laboratory of the Public Health and Marine Hospital Service, 
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supported by the national government, have made original investiga- 
tion of the infectious diseases an important and often major part of 
their work. In addition the Hygienic Laboratory has made most im- 
portant investigations in pharmacology. Other non-university research 
institutions, as the New York State Laboratory for the investigation of 
cancer, the Rockefeller Commission for the Study of Hook-worm Dis- 
ease, Trudeau’s laboratory at Saranac for the study of tuberculosis and 
that for the study of problems of nutrition supported by the Carnegie 
Institution at Boston, are of great importance. Such institutions, and 
I have not exhausted the list, devoted to the investigaion of the prob- 
lems of medicine and without affiliation with teaching institutions must 
be counted as among the most important factors in our social system. 

Research in the medical school or the hospital, on the other hand, 
has developed slowly and has been in most institutions a matter of 
secondary importance. The reason for this is not difficult of demon- 
stration when one remembers that even schools of university rank 
emerged only a short time ago from the proprietary state and that most 
physicians just past middle age can remember the two- and three-year 
course. Large classes, the belief in the didactic lectures, and the 
expense of laboratory equipment retarded the development of proper 
laboratory facilities and therefore the development of men trained to 
exact methods in the medical sciences. Likewise in the clinic the ideal 
teacher, with a few notable exceptions, was the busy consultant who 
devoted only a few hours of oratorical effort to clinical instruction and 
who disdained investigation as beneath the notice of a practical physi- 
cian—an ideal which still holds in many of the more conservative 
schools and is responsible for the slow progress in the development of 
a science of clinical medicine. This type, however, is rapidly passing 
away and another generation may look back upon it as we do upon the 
age of the proprietary school, the two years’ course and the amphi- 
theater lecture. 

It is not my intention to trace the beginnings of research in medical 
laboratories in this country, or, fascinating as it would be, if time 
allowed, to analyze early conditions and influences. A few men, how- 
ever, stand out prominently, as, for example, Leidy, of Pennsylvania, 


teacher of anatomy and investigator in comparative anatomy, one of - 


the greatest of American investigators in general biology, and Bowditch, 
who offered at Harvard in the seventies the first opportunity for organ- 
ized research in physiology in this country. Laboratories of anatomy, 
that is, dissecting rooms, had always existed, but the modern type of 
anatomical investigation in anatomy is due to the influence of Minot, of 
Harvard, and Mall, of Hopkins. Likewise, laboratories of inorganic 
chemistry and so-called medical chemistry existed, but research in 
physiological and biological chemistry goes back only to Chittenden, of 





= ania 








ena 














RESEARCH IN MEDICINE 215 


Yale, and Macallum, of Toronto; Delafield, Welch and Prudden in 
New York and Fitz in Boston appear to have been among the first to 
control university laboratories of pathology in which at least a few 
men gave much of their time to teaching or investigation, but the 
great impetus to research in pathology and bacteriology coincides with 
Welch’s affiliation with the Johns Hopkins Hospital, and experimental 
pathology as a sustained effort was first broadly cultivated by Flexner. 
Investigation in pharmacology by modern exact methods, in laboratories 
devoted to that subject, is the result of the labors of Wood at Pennsyl- 
vania, of Cushny at Ann Arbor, of Abel at Baltimore, of Herter in New 
York and of Sollman in Cleveland. The first university institute of 
hygiene was that established at Pennsylvania in 1892. These are the 
names which the compiler of American medical history one hundred 
years from now will compare, in discussing the development of our 
laboratories, with those of the period of 1820 to 1860 in Germany. 
Why? Because these men established not merely teaching laboratories, 
but stimulated investigation, inculcated exact methods and trained men, 
and thus made an impression upon the medicine of their time. This is 
true not merely of their influence in furthering research, but of their 
influence in advancing the fundamental principles of proper medical 
education. As soon as it was demonstrated that laboratories were 
indispensable to proper medical education, the day of the medical school 
worthy of university rank arrived and the proprietary medical school 
as an important factor in medical education became a thing of the past. 
Moreover, as I have intimated, the principle of laboratory instruction 
and laboratory research which gave to laboratory effort the strongest 
place in the curriculum has had a distinct effect on the clinical teaching 
of medicine and surgery, so that in some of our better schools the indi- 
vidual student now has that opportunity for immediate contact with 
the patient which allows the direct exercise of his powers of observation, 
of the use of instruments of precision and of exact procedures which 
assure the acquirement not only of knowledge, but power to obtain 
knowledge. The result is the recognition of the clinic as a place for the 
exercise of exact methods in the teaching of the clinical branches and 
in the investigation of disease. Both fields of-activity, the hospital and 
the laboratory, now have the “common purpose to advance medical 
knowledge and thereby bring healing to the nations.” 

With this conception of a common purpose guiding medical educa- 
tion and medical research and with the present unanimity of opinion 
concerning the absolute necessity of control of a hospital by the univer- 
sity, the duty of the latter to research is clear. If the purpose of the 
machinery of medical education is to “ bring healing to the nations”; 
if “the business of medicine is to get people out of difficulties through 
the application of science and dexterity manual and psychical” (Cabot), 
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then it is the duty of the university not only to teach known principles 
and methods, but to advance knowledge and methods by research. 

It is futile to say that it is sufficient to teach and to utilize known 
methods for freeing peoples from difficulties, for the mere statement of 
such an attitude implies that an obligation exists to extend known 
methods or invent new ones in the hope of overcoming difficulties, 
acknowledged to be at present without remedy. The ethical force of 
this statement can not be denied. To teach a subject implies the 
attempt to diffuse the available knowledge of that particular subject 
matter among a number of people for their good as well as for the good 
of the community in which they live and work; equally true it is that 
such an attempt to teach available knowledge imposes upon the teacher 
the obligation to leave untried no means by which the knowledge of his 
subject may be increased. It is not the privilege of the teacher to leave 
this extension of knowledge to others. His profession of ability to 
teach a particular subject carries with it his obligation to the group or 
community he serves, of adding to his subject, knowledge of which they 
may avail themselves. If this applies to the individual teacher, how 
much more forcibly does it apply to the university with its ever-widen- 
ing community and ever-increasing interests? 

But ethics are frequently set aside in our practical, every-day world 
and even if they are not the great expense of maintaining laboratories 
and a hospital, an expense greatly increased if research is properly 
prosecuted, causes university presidents and trustees to ask what are the 
practical advantages of research to the university ; and in those institu- 
tions which are supported, in part or entirely, by the state, this question 
must be squarely met. | 

In presenting the arguments in favor of research in the university, 
I will consider only conditions in this country and will not, though it 
would greatly strengthen the argument, utilize the experience of the 
German universities. One of the most important advantages, and one 
which should appeal to those controlling the policy of a university, is 
the influence on the student. 

If one examines courses in the same subject in a number of schools, 
it is found that those which are best presented are under the control of 
men.actively engaged in research work. Such men are alive to the 
advantages of new methods in their own subject and of new ways of 
applying old methods. Ever thinking and pondering about methods of 
acquiring new knowledge for themselves and their science, they appre- 
ciate better than does the non-investigator that which will aid the 
student to acquire knowledge, and in their teaching they bring to bear 
on the problems which the student has to face the same methods of 
attack which they use in their own researches. Under these men are 
assistants of the same point of view, who, ever enthusiastic about their 
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duties as teachers, nevertheless find time for research. And it is of 
further interest that in these departments assistants do not long con- 
tinue in a subordinate place, or at least if they do it is of their own 
desire, for they are early called to independent positions in other insti- 
tutions. On the other hand, one finds that the men who confine their 
teaching to perfunctory routine laboratory courses, with a profusion of 
lectures, are the men who never or only occasionally contribute to the 
literature of their science. 

In these departments, too, the teaching is a routine which, so the 
assistants say, gives no time for investigation; and so they remain 
assistants indefinitely. So, likewise, it is with the student taught under 
these two conditions. The student who knows that he is working in a 
department actively emphasizing new methods and striving to develop 
new truths, knows that his instruction is presented on the same basis, 
and thus receives that stimulus and inspiration which ensures his ap- 
proaching clinical medicine with a proper appreciation of the scientific 
method. The student under the method of the non-investigator, on the 
contrary, has no incentive other than that of acquiring a knowledge 
sufficient to allow him to pass an examination. 

An allied argument lies in the fact that the medical school that 
fosters research attracts the best-trained men as students. We have, as 
is well known to many of you, a medical school in this country which 
has, for several years, arbitrarily selected from a large number of pros- 
pective matriculants the certain definite number which it desires; the 
rest, sometimes equal to 50 per cent. of those accepted, go elsewhere. 
Now this school has the highest of entrance requirements and perhaps 
the smallest alumni body of any prominent school in the country. It 
is not therefore a question of easy entrance or of the loyal influence of 
alumni. Nor is it a question of better laboratory and hospital facili- 
ties, for other schools have equally good equipment in both respects. 
Likewise it is not a question of geographic location or center of popula- 
tion. The enviable position of this school is due solely to the policy of 
combining research with teaching and of appointing to its staff teach- 
ers who, with few exceptions, are also investigators. 

My contention that research in the medical school has important 
practical advantages to the university is, therefore, not visionary or 
theoretical. A policy which attracts the better-trained class of stu- 
dents, which improves the character of the instruction, which stimulates 
the student to a better type of individual effort, and which enhances the 
standing of the university in the community and the nation is a policy 
which can not be ignored by university president, trustees or faculty. 

Another phase of this subject is the duty of the university in public 
health and other medical matters of interest to the community and 
essential to its welfare. State and city have always felt at liberty to 
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call university experts to their aid in the solution of problems of admin- 
istrative policy and public weal. Not infrequently, as in the case of 


Harvard University and the Massachusetts State Department of Health — 


and that of New York City and New York University, the university 
shares with the state or city the service of expert investigators in the 
preparation of curative sera and the study of new methods of combating 
disease. In some states the university laboratories of hygiene, bac- 
teriology or pathology are the research laboratories of the state. The 
problems of agriculture, of animal industry and veterinary medicine 
are, in the states of the middle west, largely under the control of uni- 
versity laboratories. It is not my desire to discuss in its general appli- 
cation the question of the part of the university in social service but 
that the mid-western state universities have solved this question in the 
matter of animal and plant disease and in agricultural and certain 
industrial problems is evident from the occasional references to the 
university as “ the people’s organized instrument of research” or “ the 
scientific adviser of the state.” This idea of social service must, and 
already does, to some extent, include the study of diseases of man. To 
what extent the latter shall develop in state universities depends upon 
the liberality of the state, or, as in non-state universities, upon endow- 
ment by individuals. This matter of endowment is the crux of the 
research problem in its connection with the university. It is no longer 
possible for a medical school to be supported by the fees of its students. 
In the old days of the proprietary school, when instruction was almost 
entirely didactic, and the only laboratory work was the dissecting 
room, with perhaps a room for workers in inorganic chemistry and the 
simple procedures of so-called medical chemistry, fees sufficed and the 
faculty could pocket a good dividend. The increased cost of laboratory 
instruction in its many phases, the increase of equipment, of assistants 
and attendants, have made this impossible and have forced the medical 
schools to the shelter of universities which have resources sufficient to 
support medicine. But even with this aid, few schools have sufficient 
funds to satisfy the demands of adequate instruction and leave a balance 
for investigation. ‘The result has been that universities seek special 
endowment for specific lines of investigation and it is unquestionably 
along such special lines that an increase in the facilities for research is 
to be expected. a 

A consideration of the special departments of research now exist- 
ing, of the factors determining their establishment, and of the influence 
such departments have exerted may be worth while. It has been said 
by some authority on university affairs, that “the best way to get en- 
dowment is to deserve it”; and this is the principle which actuates a 
not inconsiderable body of men scattered over this country who by 
their efforts are attempting to bring forcibly before the public and 
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university trustees the value of investigation, particularly of the pre- 
ventable diseases, a8 a necessary and dignified type of university effort. 

It is of interest to note the various ways in which research chairs 
or departments have been established. Some have been the result of 
the multiplication of chairs devoted to one general subject, as at Har- 
vard, which has in the medical school chairs of comparative pathology, 
comparative physiology and comparative anatomy, each of which is 
quite distinct from the chairs responsible for the fundamental under- 
graduate instruction in pathology, physiology and anatomy. The es- 
tablishment of these chairs, in part through special endowment, has 
greatly increased the facilities and time available for research in these 
fundamental branches and for special or more detailed instruction in 
the various activities which they represent. Likewise the splitting off 
from bacteriology of independent departments of preventive medicine 
(Harvard and Washington universities) has increased the opportunities 
for the study not only of the infectious diseases, but also of those due to 
industrial conditions, to poverty and insufficient methods of preparing 
and handling food-stuffs. 

Of similar origin are the departments established recently at Penn- 
sylvania and Tulane for the study of tropical diseases. So also at 
Harvard an opportunity for similar effort has been made possible 
through the endowment of a traveling professorship in the department 
of bacteriology. In the same way increased facilities for investigation 
in chemistry has been brought about by the founding of departments 
devoted to physiological chemistry, independent of the older chairs of 
chemistry and toxicology; by the recognition of a sphere of usefulness 
in experimental pharmacology independent of materia medica and ap- 
plied therapeutics; by departments of experimental pathology and 
pathological physiology, neuro-pathology and surgical pathology co- 
operating with or independent of the traditional departments of path- 
ology ; by the evolution in surgical teaching and research of laboratories 
of experimental and veterinary surgery, and, in our hospitals, of labora- 
tories of clinical pathology. ‘These departments, in most instances, 
having some instructorial duties, have an enormous influence in further- 
ing research and in indicating the need for its extension. For the most 
part, whether founded on special endowment or otherwise, they are the 
result of an influence from within, the desire of the university authori- 
ties to increase opportunities for investigation and to improve facilities 
for teaching. Both these objects have been attained, and the success 
of many of these laboratories is a most potent argument in favor of 
increased endowment. 

That such efforts are beginning to yield fruit, that the public is 
awakening to the importance of endowing research in medicine and is 
bringing to bear an influence from without, is shown by the increasing 
number of gifts, often spontaneous, for the support of investigation 
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under the control of the university. Many of these have been made 
with definite specifications as to the problems to be studied, which is 
encouraging evidence of a special study on the part of the donors and 
of a keen appreciation on their part of the limitations of medical 
knowledge and of the need of enlarging its boundaries. Of depart- 
ments thus founded, some of the best examples are those at Harvard,® 
Cornell* and Columbia for the study of cancer, the Henry Phipps Insti- 
tute and Hospital, now a part of the University of Pennsylvania, for 
the study and treatment of tuberculosis; the department of experi- 
mental medicine at Western Reserve; the department of research medi- 
cine at Pennsylvania for the study of chronic diseases, the recently 
founded Sprague Memorial Institute affiliated with the University of 
Chicago for the study of the general problems of medicine and that 
recently announced by Northwestern University for the study of tuber- 
culosis and other infectious diseases. Here also should be included the 
Wistar Institute of Anatomy at Pennsylvania, the work of which at 
present is devoted largely to research in problems of the nervous system. 

Of special interest in connection with many of these foundations is 
the provision for investigation in the hospital in connection with labo- 
ratory work. Thus the foundation for the investigation of cancer at 
Harvard has its own hospital, the Phipps Institute at Philadelphia 
provides for the laboratory and clinical study of tuberculosis, the new 
Sprague Institute of Chicago has a hospital affiliation, the plans for 
the Memorial Institute for Infectious Diseases include a hospital for 
the study of such diseases, and some of the smaller foundations have 
been established with the understanding that the university shall en- 
sure access to the wards of the hospital under its control. Surely the 
universities through the endowment of medical research will have opened 
to them invaluable opportunities for service not only in the investiga- 
tion of special diseases, but in the broader field of the relation of social 
conditions to disease. In connection with the latter Dr. Richard C. 
Cabot has called the attention of the profession and hospital authori- 
ties most forcibly to their duty and to the opportunity for special re- 
search which this field offers. Already the Rockefeller Commission 
for the Study of Hook-worm Disease has undertaken the study of social 
conditions determining the occurrence of hook-worm disease and the 
University of Pennsylvania, by establishing, in connection with the 
Phipps Institute, a department for the sociologic study of tuberculosis, 
offers the first instance of a university uniting laboratory, clinical and 
sociologic methods in an effort to elucidate the problems of a single 
disease. The experiment is an important one in that union of effort 
in the study of a single disease, if based on the principle of social serv- 
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ice as illustrated by the work and writings of Cabot, promises to give to 
university research a new field of activity; to medicine a powerful ally; 
and to society, an ideal of great promise for the good of the community. 

To these various influences which I have presented at some length, 
we may, I believe, ascribe what little advance has been made in univer- 
sity research in medicine in this country. The same influences will 
continue to operate. The breaking down of the hard and fast lines 
which were drawn originally around the institutes of medicine will con- 
tinue. As in the past, so in the future, the formation of new depart- 
ments from the older departments will limit the field to be cultivated 
by a single individual and thus the time devoted to teaching a single 
subject will be divided, and as a result more time and opportunity for 
productive investigation will be allowed. Already immunology clamors 
to be released from alliance with bacteriology, hygiene or pathology; 
protozoology claims a domain distinct from that of bacteriology; path- 
ological physiology demands greater recognition; and a new field—ex- 
perimental therapeutics—distinct from pharmacology, is already well 
defined ; all such expansions mean greater freedom and greater oppor- 
tunity for investigation. These tendencies and the closely allied factor, 
the increased recognition of the hospital as a place for research (and 
especially the planning of groups of special hospitals, as at the Harvard 
Medical School), represent the forces within the university which have 
made progress possible. Of the forces from without which exert an 
influence, one, already discussed, is endowment for special investigation. 
A second is the influence exerted by independent institutions for re- 
search, as the Rockefeller Institute and Hospital, which by its magnifi- 
cent work has stimulated the better university schools to greater effort 
in the advancement of medical knowledge. 

A third factor is the demand of a gradually awakening public 
opinion that medicine should take a more prominent part, active and 
advisory, in the affairs of the community. The effect of this demand 
is already seen in the fact that the limitations and aloofness that char- 
acterized medicine in the past have already begun to disappear, and we 
can confidently look forward to a day when the activities of medicine, 
on its research and preventive sides, at least, will be—if I may so ex- 
press it—imbedded in the social system, and shall live by and for it. 
In this connection, the university should not forget that the science of 
bacteriology and the knowledge which it has popularized concerning 
the etiology and control of disease and pestilence, formerly considered 
as foreordained and without remedy, has brought to the race a new 
hope concerning many of man’s afflictions, and this hope is tinctured 
with an impatient demand that all preventable diseases, whether due to 
infection or occupation, should be thoroughly investigated. Preventive 
medicine has become a great educational movement, the onward sweep 
of which has been accelerated by modern views concerning the treat- 
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ment of tuberculosis, by municipal experience with the efficacy of water 
filtration against typhoid fever, the “cleaning up” in a hygienic sense 
of Havana during the American occupation, the wonderfully healthy 
state of the Canal Zone under Gorgas as compared with that in the 
time of the French control, the influence of a better understanding of 
the effect of hook-worm disease on social conditions in the south, and 
the importance of the destruction of the mosquito in the prevention of 
yellow fever and malaria. The public looks first, and naturally so, to 
its state and municipal laboratories for assistance, but it looks also to 
the laboratories and hospitals of the universities for that wise guidance 
and direction which, untrammeled by political expediency, is the result 
of impersonal scientific observation and experiment. 

The problems which may be attacked by the university are both 
general and local; in many instances a most promising field of investi- 
gation lies at the university’s door. As is pointed out in Abraham 
Flexner’s Carnegie Report on Medical Education, the port of New 
Orleans offers to Tulane a great opportunity for the study of tropical 
diseases, and the industries of Pittsburgh offer to its university un- 
usual material for the study of occupational diseases. The port of San 
Francisco, draining as it does the Orient, and soon to feel the influence 
of the Panama canal, offers to the university which will grasp it a field 
for the study of tropical and unusual imported diseases not open to any 
other city in the temperate zone. Industrial centers other than Pitts- 
burgh offer advantages for the study of occupational diseases and the 
influence of industrial conditions. New York, Chicago and other large 
cities with compact populations present their own problems and even in 
sparsely settled rural districts arise questions of great importance. 

So also every community has the problems connected with the dis- 
eases of infancy and of advancing years. The influence of bacteriology 
in focusing the attention of investigators and of the general public on 
the acute infectious diseases, though an influence of the greatest im- 
portance to medicine and one responsible for much of the endowment 
of research in this country, has had a tendency, on the other hand, to re- 
tard the study of diseases not due to bacteria or protozoa. The pendu- 
lum now, however, is swinging the other way, and the time has come to 
attack, with the aid of the methods of chemistry and physiology, the 
chronic diseases, the disturbances of metabolism and of internal secre- 
tion and the. affections peculiar to infancy and old age. Only recently 
have the diseases of advanced life attracted an attention commensurate 
with their incidence and importance. As the fruits of the investiga- 
tion of the acute infectious diseases have increased the expectancy of 
life by diminishing the mortality of infancy, childhood and early man- 
hood, so the study of the chronic diseases incident to middle life and 
advancing years, should, by the determination of predisposing causes 
and methods of prevention, lead not only to a still greater stability of 
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life, but also, and what is more important, to a prolongation of years of 
useful activity and, perhaps, to a serene instead of painful final deletion. 
This leads to the discussion of a new type of department in the 
medical school, departments or chairs for research only. That such de- 
partments are now necessary is the direct result of the unwise policy 
which, in the past, has led university presidents and medical faculties 
to appoint as heads of departments men who have little or no training 
as investigators and no interest in research. As the modern view of the 
duties of a medical school—teaching, the first duty, but investigation 
the corollary, essential not only for its own sake, but also for its influ- 
ence on teaching—gains ground, university authorities find their chairs 
encumbered with men incapable and disinclined to conduct genuine 
university departments. New chairs, for research only, are therefore 
established in order to evade the penalty of a wrong policy and at the 
same time to secure men with the training and ideals of the investi- 
ator. 
' When university presidents learn that every professorship, clinical 
and otherwise, ought to be in some measure a research chair, and that 
research must be combined with teaching, the need for special depart- 
ments of research will not be so urgent. It is true that clinical teachers 
are not united on this point; indeed, the weight of their opinion is often 
thrown in the opposite direction. For example, the anti-university 
conception of the university clinical professor has recently been very 
clearly presented by Professor Barker in an extremely plausible argu- 
ment, in the course of which he proposes that two chairs should be 
created in the department of medicine—one for teaching and the finan- 
cial prosperity of the incumbent, and the other for resarch! No more 
objectionable proposition from a university point of view has ever been 
made. Officially recognized and sanctioned separation of research from 
teaching, especially in the clinical chairs, would not only place the uni- 
versity on the level of the secondary school, but would delay all progress 
in medicine, and, more important still, destroy what little confidence 
the public is beginning to have in the altruism of university medical 
education. Let us hope that such counsels may not prevail. Let us 
work for the recognition of the principle that teaching and research 
should be combined in every department of the medical school. In the 
meantime, special departments of research may well be created, not 
only to make up for the sterility of the other chairs, but in order to at- 
tack problems that are of such magnitude and complexity that they 
may well engage the entire time of those devoted to them. But neither 
research professorships nor research institutes can ever relieve the pro- 
fessor of medicine or of surgery from the duty and obligation to con- 
tinue to be creatively occupied in the development of their respective 
departments. . 
Existing departments of research are variously described as de- 
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partments of experimental pathology, experimental medicine or research 
medicine. The title matters little, but the plan of the department 
should be broad enough to care for the problems of clinical medicine, 
and for this reason the word “medicine”: should appear in the title 
rather than the word “pathology.” Such a department should keep 
in close touch with the department of clinical medicine, should supple- 
ment the facilities of the various hospital laboratories, and should also 
work in cooperation with the fundamental laboratory sciences in 
order to insure no loss of opportunity in the prosecution of its prob- 
lems and thus a realization of the greatest good to the school. The 
head of the department should be a man familiar with the problems of 
clinical medicine, trained preferably as a pathologist, and with suffi- 
cient knowledge of the possibilities of physiology and chemistry to apply 
the methods of these subjects to clinical problems. I say preferably a 
pathologist because the pathologist is more apt to combine clinical 
training with a knowledge of pathology, bacteriology and the prin- 
ciples of immunity than is the physiologist, chemist or pharmacologist, 
though any one of the latter might well head such a department. Cer- 
tain it is that whatever his own training may have been, the director 
should, with his assistants, be able to utilize in the work of the depart- 
ment the methods of physiology, chemistry, bacteriology and experi- 
mental pathology. In other words, he should have a department capable 
of attacking a problem in medicine from any or all sides, including 
that of experimental therapeutics; and in order to make the. work 
effective, he should have the use of beds in the university hospital. 

The work of this department should be the investigation of clinical 
problems, and not of academic problems of pathology, chemistry or 
physiology. General practitioners, clinical assistants in the school and 
even those at the head of clinical departments are constantly meeting 
problems which demand solution, but find no adequate opportunity to 
investigate them in departments as now constituted. These men would 
find a place in the department suggested and should constitute an en- 
thusiastic working staff which should be exceedingly productive in the 
advance of medical knowledge. 

I may be over-enthusiastic about this matter, but I believe that 
departments such as I have outlined are a necessary part of every large 
university medical school, and must be developed eventually through 
the combined efforts of the pathologist and the clinician, who have 
naturally a greater interest in the problems of disease than have the 
men of other departments and who must have a research department 
devoted to their common interests. 

A department of this type, whether independent or affiliated with 
the chair of medicine, I would recommend to every university which 
sees its way to procure endowment for research in medicine, for in a 
department of such broad scope lies the possibility of attacking many 
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problems in the broadest way and of assuring the best utilization of 
endowment and the greatest good for the greatest number. 

This discussion might be lengthened by the presentation of other 
phases of the subject of medical research, but I may well end with Mr. 
Eliot’s all-inclusive characterization : 

Medical research habitually strives to arrive at something beyond abstract 
truth. It seeks to promote public and private safety and happiness, and the 
material welfare of society. Its devotees have in mind the discovery of means of 
remedying misery or warding off calamity; and they know that whatever con- 
tributes to health or longevity in any community or nation contributes to its 


industrial prosperity; so that they are justified in hoping for results from their 
work which will promote human welfare. 


If my presentation of the subject of research in medicine, which now 
comes to its close, has any value it lies in an- attempt to demonstrate 
two things: (1) That, wonderful as were the isolated achievements of 
the great discoverers in medicine in the early centuries, the great con- 
tinuous advance in medicine during the past eighty years resulted from 
organized laboratory effort based on the principle of exact experimental 
methods, and (2) that it is the duty of the university so to organize its 
laboratories and hospital that this advance of medicine by research may 
continue, side by side with teaching, as a university function of benefit 
to student and faculty, as well as to the state and the general public 
welfare, and thus as an aid to the advancement of civilization. 
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WIND-GRAVED MESAS AND THEIR MESSAGE 


By Dr. CHARLES R. KEYES 


DES MOINES 


TRANGE and striking are the positive features of landscape pre- 
sented by the continental divide in our southern arid country of 
New Mexico and Arizona. Wildest, least visited and most desolate 
section of our land is this, over which to-day still roams at will the 
aborigine in numbers greater for size of area than was ever known in 
any part of our realm since advent of European. Yet it was this very 
portion of our broad domain which was already settled by old-world 
men within fifty years after the landing of Columbus on Salvador. 
Before that time for more than twenty centuries there flourished within 
that region a peaceful and highly cultured race. 

Throughout most of our desert lands the smooth illimitable plains 
are thickly studded by short, isolated, yet lofty mountain-ranges, which 
rise from the sea of earth as volcanic isles out of a glassy ocean. 
Desert-ranges form a distinctive mountain-type. As relief characters 
they attract wide attention from traveler and scientist alike, for they 
are the most impressive of the local features of topography. 

In that part of the arid country of which we now speak there are 
none of these high mountains. The “Inselberglandschaft,” as the 
Germans call it, still persists, but in different form. Instead of majestic 
peaks and lofty ranges there are lower truncated hills which rise even 
more abruptly from the general plains-surface. Mesas, or “tables,” 
the Spanish-speaking settlers aptly denominate them. (Fig. 1.) The 
region is preeminently a mesd-land; therefore one of the most inter- 
esting and geologically one of the most instructive in all our domain. 

That any part of a great continental divide should be a vast plain 
in place of a towering mountain ridge is primarily a result of geologic 
structure and secondarily of peculiarity of climate. In western New 
Mexico the broad plain occupying the divide is 7,000 feet above tide. 
So even is it that in crossing one is unaware of the time when he ceases 
to ascend on the Atlantic slope and begins to go down on the Pacific 
side. The ocean-to-ocean railway excavates its grade on the top of the 
continent only a scant half-dozen feet—one of the shallowest cuts on 
its entire line. 

Mesas of the mesa-land impart to the landscape features entirely 
novel. Nowhere else on the face of the earth do they reach such notable 
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development. They appear as even-topped surfaces more or less well 
elevated above the general plains-surface about. The margins of these 
truncated mounds form the brow of a precipitous escarpment which is 
one of their most characteristic features. Not infrequently the upper 
part of the escarpment is a vertical wall 100, 200 or even 500 feet in 
height. Mesa de Maya (armored mesa) and Llano Estacado (walled 
plain) are Spanish descriptive terms referring especially to this feature. 
The talus-like slopes below are the steepest of any angle of repose; and 
their meeting with the general plains-surface is as sharp as the strand- 
line. 

Mesa profiles and proportions are mainly functions of the geologic 
structure and of age. Some of these plateau-plains are so small in area 
and so high that they stand boldly out of the plain as conspicuous cones, 
or buttes. The Camaleon and Wagon-mound are illustrations. Others, 
as the Tooth of Time, the Enchanted Mesa (Fig. 2), the Covero, and 
the Sunset Tanks buttes are only a few acres in areal extent. The 
famous Toyalané (Fig. 1) and some of its neighbors are somewhat 
larger. From these to the great Chupadera Mesa and the Mesa Ju- 
manes, which are a dozen miles across and a score of miles in length, 
or the vast Mesa de Maya, which extends along the northern border of 
New Mexico a hundred miles, there is every size. 

Of the mesas of this description the foundation is generally some 
rock-layer more indurated than the rest of the section. Structurally 
they may be made up of (1) remnants of former plains worn out on 
the bevelled edges of folded strata, as in the case of the Mesa Jumanes; 
(2) slightly inclined strata of hard limestone or sandstone usually, 
which are intercalated in extensive beds of less resistant materials, as 
in the Chaca Mesa and other platform plains of the great Mesa Verde 
region ; (3) almost horizontally disposed hard beds from which the soft 
superposed layers have been stripped, as the Toyalané, El Moro, the 
Tooth of Time (Fig. 3), and the Tucumcari; (4) old lava-sheets which 
cover soft shales and sandstones of which the Mesa de Maya, Mesa del 
Datil and Acoma Mesa (Fig. 4) are conspicuous examples (Fig. 5) ; 
and (5) surface-wash deposits locally hardened through the evaporation 
of moisture in the soil, leaving cemented lime-salts near the surface of 
the ground (Fig. 6), well represented by the Galisteo Ceja, south of 
Santa Fe. 

The origin of most flat-topped hills is commonly ascribed to circum- 
denudation effects on an upraised peneplain. All remnants of the old 
graded surface are on the same level. Throughout the arid region the 
mesas or plateau-plains, which rise above the general plains-surface, 
also appear to be the direct result of circumdenudation, but of a very 
different kind. In marked contrast to the humid-land effects the rem- 
nantal plains of the desert, whether their surfaces be formed of stratum- 
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Fic. 2. ENCHANTED MESA, IN WESTERN NEW MEXICO; A HIGH REMNANTAL PLATEAU 
OF SMALL AREA, 


planes, beveled tables of flexed strata, lava-sheets, or cemented regolith, 
are of quite different elevations even in the same district. In New 
Mexico, for instance, these plains attain all altitudes above the general 
plains-surface, from a few feet in the case of the very recently formed 
Malagro malpais, in the Hueco bolson northeast of El Paso, to the 
broad Mesa de Maya which is 3,500 feet above the general plains-surface, 
and 9,000 feet above the sea-level. The Sierra del Datil in western 
New Mexico has a magnificent northward-facing escarpment 1,000 feet 
high; and in sight of it is the Acoma Mesa 500 feet above the plains- 
floor (Fig. 7). 

Toyalané is a conspicuous flat-topped mountain situated just over 
the continental divide. The region is the largest, highest and driest 
desert plain in this country. Structurally and topographically it con- 
stitutes an essential section of the great Colorado dome, arching from 
the Rio Grande to the Rio Colorado. Save in one place—the Zuni 
Swell—its surface is unbroken by tectonic features. In this mesa-land 
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the plateau-plains stand at many different heights above the general 
plains-surface. To this particular great genetic significance is attached. 

Several notable peculiarities distinguish the Coloradodome. Around 
its southern slope there is, as Gilbert observes, one of the great lava- 
tracts of the world, second in magnitude in our country only to the 
great northwestern lava-field, and fifteen times as large as the classical 
district of extinct volcanoes in central France. Sweeping in a broad 
crescent, 250 miles long, with the lofty cone of San Mateo on one horn 
and the towering San Francisco volcano on the other, the main body 
of lava-flows superposed in countless numbers, covers an area half the 
size of New York state. Beyond the borders of the crescent are num- 
berless cinder-cones, coulées, and minor lava-sheets which spread out 
over the soft sedimentaries constituting the chief substructure of the 
plains in this part of the country. Farther west, in Arizona, the hard 
carboniferous limestone is the principal surface-rock, the shales once 
overlying it having been recently stripped off. Other volcanic evidences 














Fic. 3. Tooru or Time, New AcoMA PuEBLO, NEw MExico. Last vestige of a once 
extensive plateau-plain. 
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are the denuded necks and dikes. These lava-sheets form the founda- 
tion of many a notable mesa. 

Outside the limits of the lava-fields the massive and more indurated 
beds which are included between the thick sections of weaker strata 
take the place of the lava-flows in the formation of the mesas. 

In the region under consideration extravasation of lavas has evi- 
dently gone on at frequent intervals from the very beginning of Ter- 
tiary times almost, it may be said, to within the memory of men still 











Fic. 4. OUTLIERS OF THE GREAT ACOMA MESA. The plateau-plain is 500 ft. above 
the general plains surface. 


living. The older trachytic and andesitic lava-sheet of the San Mateo, 
or Mt. Taylor district, now stand 1,000 feet above the country around, 
and upon this mesa rests the old volcanic cone itself, higher and more 
impressive than Vesuvius. To the north of this peak, which rises 
13,000 feet above sea-level, there are abundant evidences of still earlier 
volcanic activities as shown in the forest of volcanic-necks of that area, 
from which is swept almost every vestige of their cones and the plains 
upon which they stood (Fig. 8). Cabazon, a huge volcanic pipe, stands 
1,200 feet above its base and is a landmark for eighty miles about. 
Much younger and 500 feet below the San Mateo plain is Acoma 
mesa, 30 miles long and 15 miles wide, capped by basalt. At its foot, 
another 500 feet down, is a great basaltic flow, 50 miles long by 20 
miles broad, covering the present plains-surface. Even more recent are 
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the coulées from the Tintero, on the Mesa Redonda, west of the San 
Mateo, that finally enter the channel of the Rio San José at a level 
considerably below that of the great flow already mentioned. 

Four distinct and notable periods of volcanic extravasation are thus 
recorded, between the first and last flows of which more than 1,000 feet 
of rock were removed from the entire region about. There are in the 
district many other lava-flows at other elevations ; but between the four 
especially mentioned definite time-relations are readily established. 

At the present time particular interest attaches to the mesas and 
their origin. Normal water-corrasion manifestly did not accomplish 











FIG. 5. A Lorty ISOLATED MESA NEAR ACOMA PUEBLO; capped by Lava and a Hard 
Sandstone Stratum. 


the strange sculpturing of the country. In these relief features we 
seem to be introduced to an erosive force as potent as water but which 
we are just beginning fully to appreciate. Mesas appear to furnish the 
most direct and convincing testimony we have of the tremendous power 
of the wind in affecting general erosion under conditions of aridity. 
That water could not possibly produce such effects is shown in a 
number of ways. On the continental divide the streams are their 
smallest. On a vast plain so situated drainage features are necessarily 
insignificant. Rainfall is the scantiest. These three conditions com- 
bined with arid climate give water-action small.opportunity to vigor- 
ously erode. On every hand the country clearly shows it. It is equally 
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Fic. 6. TILTED AND BEVELED CRETACIC SANDSTONE, OVERLAIN BY CEMENTED HorI- 
ZONTAL BRECCIA, NEAR LOS CERRILLOS. NEW MBEXICco. 


manifest that notable leveling and lowering has gone on at a rapid rate. 
Since the San Mateo and Datil plains-surfaces were flooded with lava 
vast degradation has taken place. 

Extensive erosion is everywhere manifest but of peculiartype. There 
is little of the sharp incision of the plains-surface such as normally char- 
acterizes stream-action, especially in a high-lying region having slopes of 
high gradients. Erosion is of the broad-basin type—wide, flat-bottomed, 
even plains between abruptly upturned rims against resistant rock- 
masses. As the lava-flows and coulées became more and more numert- 
- ous the separate basins became divided and smaller, but general lowering 
of surface went on without interruption. There can be no question but 
that the lava-capped mesas at varying heights represent former levels 
of the general plains-surface. 

In the outpouring of the molten rock over the surface of the plains 
the lava-streams naturally flowed down the lowest lines of the plains, 
but as removal of the weaker beds on either side took place each flow 
was soon left as an elevation. A particularly instructive instance is 
shown near the Zufii pueblo, where an old valley is exposed in a section 
filled with basalt, the level of the latter in the mesa-face being several 
hundred feet above the present floor of the plain. 

There is further strong evidence of the strictly eolic nature of the 
landscape sculpturing. These summit plains of the continent are a 
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region of continual high wind and constant sand-storm. Nowhere else 
in the arid region of the southwest is wind-scour in active operation so 
advantageously viewed. Nowhere else in this country are deflative 
effects and desert-leveling so well displayed. Nowhere else in all the 
world is general lowering of an elevated country by the winds so strik- 
ingly presented. Few places there are on this continent where stream- 
action as a general erosional power is so manifestly utterly impotent. 

That this high, dry, almost waterless waste on the continental divide 
should owe its landscape features chiefly to the incessant blowing away 
of the dry pulverulent. soils seems to need little argument in this place. 
In the case of a desert district where the rocks alternate in hard and soft 
strata a mesa capped by a more indurated layer might not always offer 
conclusive evidence in support of this contention. Against the mesas 
surfaced by lava-sheets of diverse ages such objections can not be raised. 

The existence of desert mesas whose surfaces stand at many differ- 
ent levels throughout the broad belts of the less resistant rocks appears 
to furnish one of the strongest proofs of the eolic character of the 
regional erosional activities; since in situations of this kind not only 
are rainfall and water-action very deficient and wholly inadequate to 
produce the relief effects presented without the time-element be vastly 
and unreasonably prolonged, but conditions are such in many cases as 
absolutely to preclude the intervention of stream-work. 








Fic. 7. Facr oF THE HigH ACoMA Mgsa. The Acoma’ Pueblo is shown on the 
summit. 
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By wind-action alone there appears now to be incontestable testi- 
mony that from the entire area of the vast arid region there has been 
lifted and exported by the winds in very recent geologic times a prodi- 
gious layer of rock not less than 5,000 feet in thickness. With a con- 
tinuance of the present climatic conditions another volume of rock- 
materials of equal dimensions seems allotted to be similarly transported 
before the effects of the process shall become appreciably diminished. 

Thus it is that the arid regions have introduced to us an erosive 
agent more potent than stream-corrasion, more constant than the wash- 
ings of the rains, more extensive and persistent than the encroachments 
of the sea. The present conception of general eolic erosion, a sculptur- 
ing power in every way comparable to erosion by river and by ocean, 
appears destined to take its place among the first half-dozen great and 
new thoughts which shall especially distinguish geologic science of the 
twentieth century. 
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By JOHN MILLS 


NEW YORK CITY 


 igges lament for the good old days, which rises so frequently from 

academic circles, has recently in the case of Amherst College re- 
sulted in definite action and policy. Following the recommendations 
of a group of alumni of the eighties, Amherst has reacted against the 
commercial and technical tendency of modern education, and here- 
after is to be wholly and frankly classical in its aims and its curric- 
ulum. Whether the hands of this particular college clock can be 
turned backward without injury to the works, or false guidance to the 
youths whose period of training it apportions, is a question for the fu- 
ture. That something is amiss in our present scheme of higher edu- 
cation, and that the unassisted processes of evolution will lead too 
tardily and expensively to a solution is, however, the feeling of many. 

The form of the lament and the burden of its criticism depend 
upon the early training and business or professional experience of the 
critic, and upon his business or social relations with present-day col- 
lege graduates. One critic attributes his own personal success to the 
study of Latin and Greek, another to the course in “moral and phys- 
ical philosophy” pursued under his college president, and a third finds 
his intimations of immortality in the mathematical concept of an 
infinite series. But one and all, in final analysis, agree that the college 
prepares for no special vocation, and the technical school for a too 
special vocation. 

The failure of the technical school is not due to the over-speciali- 
zation of the doctor of philosophy or German-trained research student. 
The average doctor of philosophy can at least think in the terms of his 
own narrow division of the world’s knowledge, whether he is gifted 
with scientific imagination or not. The average technical school grad- 
uate is a Tomlinson of the laboratories and text-books, a product of 
modern motion study, who can perform certain laboratory manceuvers 
or calculations with a minimum expenditure of mental energy. These 
various operations are listed in the school catalogue and referred to in 
the diploma. The better the name of the institution, the greater 
surety does it offer to the captain of industry who buys its wares that 
they will meet the specifications. 


In part, this unfortunate condition has resulted from the short- 
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sightedness of that large majority of employers who for years have re- 
quired from the engineers they employ not broad training and scientific 

capacities, but a facility in the particular operative requirements of 

their industries. In part, this condition has arisen from the competition 

of technical schools for students, and the resulting tacit commercial 

agreement between institution and student that each graduate shall be 

found his first employment. Thus an institution chooses the heads of 

its departments, as far as its finances allow, not for teaching ability, 

but for influential acquaintanceship with men of affairs. To place the 

average of its product it must train for immediate usefulness. There 

results a number of attendant and contributory evils, such as shop 

methods of instruction by an inbred teaching staff, the detailed fol- 

lowing year after year of the same outlines for courses, the perform- 

ance of laboratory work as an end instead of as a means of encouraging 

analysis and vivifying principles, an over-emphasis of draughting and 
machine shop work, the construction by classes of dynamos and steam 
engines as advertising evidence of technical proficiency, the steady 
cramming of formule and numerical values of physical constants, the 
narrowing commercialized outlook upon all problems of life, the lack 
of esprit de corps, and the more or less entire absence of cultural 
studies and influences. Such an arraignment can not hold against all 
our technical schools, but upon the whole the exceptions are not in- 
dividual institutions, but their individual departments. 

Whatever may be the faults of curriculum and educational policy 
to which the technical school student is subjected, he learns to work 
hard, consistently and with scientific honesty. Upon this gospel of 
hard work depend almost entirely his chances of future salvation and 
success. In the commercial world, however, many pockets and ruts 
await the man of narrow training and hard-working proclivities. 
From these pockets, to be found in any large manufacturing or opera- 
ting industry, too frequently the technical school graduate fails to rise. 
In many cases native disabilities are to blame, but more frequently 
the narrowness of an early training is the fundamental cause. This 
narrowness of preparation may be analyzed generally into three de- 
fects. 

First, and most seriously to be charged to the account of the tech- 
nical schools, is the lack of scientific breadth and depth which has been 
previously mentioned. Upon too thin a layer of pure science and 
mathematics does the engineering school build its superstructure of 
commercial machines and technical processes. Too soon do empirical 
equations and shop rules take the place of mathematical analysis and 
a priori reasoning. Too soon does the laboratory work become an exer- 
cise in the operation of commercial machines under conditions which 
require of the student only the throwing of switches and the reading 
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of gauges and, later, the filling out of a printed blank form with the 
result of routine substitutions in formule. The obvious objection that 
_ there is not time in a technical course for a broader preparation and 
the existing superstructure is admitted, but it is to be met categorically 
by omitting the superstructure which can be easily supplied under 
commercial conditions by our industrial companies. 

In the senior year, some time is spent on minor questions of the cost 
of engineering work. The larger question of costs, the whole field of 
modern economics, is in general passed by or alluded to in a brief intro- 
ductory courses. In a day of economic questions, so many of which have 
direct connection with engineering, this failure to train the future engi- 
neer to assist in their solution is the second defect in the technical 
school. Many problems, such as those of public utility rates, of the 
conservation of natural resources, of the protection of workmen from 
industrial accidents, and of sanitation and transportation in cities, must 
ultimately be solved in conjunction with engineers. Men trained in the 
fundamentals of economics, possessing a knowledge of the economic 
history of our country, who are in touch with the practical engineering 
or commercial aspects, may be powerful forces for the public good. This 
second defect may be remedied by the student after graduation, but in 
the manner of human nature the chances are small that it will be. 

The first defect limits the chances of success of the individual, the 
second more especially limits his value to society, and the third will be 
seen to determine to a large extent his social relations. The hours of 
the technical student are closely filled with laboratory, shop and draught- 
ing exercises, with classes and periods of study. His opportunity for 
acquiring social conventions and amenities are necessarily very limited, 
and, unlike the arts-college man of more leisure, the end of his course 
finds him but slightly changed by attrition with his comrades. While 
such training is not essential to the student who is favored with a so- 
cially alert family, upon the unfavored and favored alike the technical 
school imposes its third defect, by surrounding them with an atmos- 
phere essentially devoid of all cultural interests of music, art, literature, 
or drama. The average technical-school graduate may be justly ac- 
cused of being deficient in sympathetic points of contact with his fellow 
man. He is prepared for a too special vocation. 

In regarding, upon the other hand, the arts colleges it is well, 
momentarily, to eliminate from the consideration those students to 
whom such an institution is but an intermediate step to medical, law, 
divinity, or technical schools, and to consider the normal college man 
whose days of study end with his graduation. There must also be 
eliminated all those whose college course is essentially a professional 
course, namely, those preparing to teach, whether or not their early 
intentions are toward graduate study. There remains the future states- 
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men, artists, executives or business men, to whom the college offers four 
years of broad cultural training, new points of view, and contact through 
literature with the best of the world’s thought. Such a student is pre- 
pared by these four years for no special vocation, and perhaps not s0 
well for any vocation as if the training had been for some special end. 

The strong-minded and mature student appears the exception to this 
statement, but in general will be found to be pursuing a self-imposed 
curriculum with a definite vocation in mind. The prospective ministers, 
lawyers, doctors and teachers were excluded from consideration because 
their college course is not necessarily a broadly cultural one, but a 
selected vocational training. For the same reason must the mature stu- 
dent be excluded. A college instructor can separate his class into three 
groups, those who set the pace, those who follow, and those who fall. Of 
the first two groups some few are “ grinds,” some few “ out for honors,” 
and the rest with rare exceptions interested vocationally in the subject- 
matter. In every class prospective teachers help to set the pace; in 
English courses, writers; in biological courses, doctors; in chemistry, 
manufacturers. In other words, for the average students there is no 
broad cultural college course, but rather many individual vocational 
courses. 

The essential differences, however, between the vocational college 
course and the technical-school course are both of degree and of kind. 
The difference in degree is due largely to the existence on the one side of 
a fixed required curriculum and on the other of a free or group elective 
system. In a fixed engineering curriculum are many closely related 
courses, those of one school year being immediately prerequisite to those 
of the next year. In the better and larger technical schools a 
failure in a prerequisite course, besides calling for a repetition of the 
course, prevents the progress of a student with his class and delays 
graduation one year. In arts colleges, under an elective system, the 
severe penalty of a year’s delay in graduation need only occur in case 
the failure takes place in the last term of the senior year. Given stu- 
dents working under these two systems, beneath equally eager and 
requiring instructors, the pace of the average in the technical school 
will exceed that of the average in the colleges. The result of this differ- 
ence reacts upon the atmosphere of the institutions and leads to cumu- 
lative effects. Thus in recent years athletics, as well as many other 
school diversions, have steadily decreased in prominence in technical 
schools and increased in colleges. This decrease in engineering schools 
has resulted in more time and energy for study and admitted of a still 
harder pace, while in arts colleges the increase has diverted the students’ 
energies and slowed the class room pace. 

A further difference in degree resulting from the close correlation of 
courses mentioned above may best be shown by illustration. Mathe- 
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matics enters more or less into every engineering curriculum. Consider 
as an example that of the electrical engineer. Differential equations are 
frequently met in the study of electricity, and hence a mathematical 
course in this subject is a prerequisite. The sequence of subjects imme- 
diately prerequisite to this study, given in descending order, is integral 
calculus, differential calculus, analytical geometry, college algebra, 
trigonometry, solid geometry, plane geometry, elementary algebra and 
arithmetic. These are actual prerequisite courses and a study of differ- 
ential equations requires a knowledge and ready facility in all of them. 
As commonly taught, and except for plane and solid geometry, there are 
few daily lesson assignments the subject matter of which does not enter 
directly into the later study of differential equations. The penalty for 
slip-shod work in the early courses is sure and cumulative. Consider, 
upon the other hand, the study in college of the books of Herodotus, 
the plays of Sophocles, or the orations of Demosthenes. Certain pre- 
requisites are usually assigned by the Greek department, but the under- 
lying idea is generally to prescribe sufficient elementary Greek to assure 
a homogeneous class with a fair facility in the language. Slipshod work 
in earlier courses does not bear so immediate and evident a penalty as in 
the case of differential equations. The entire omission of some pre- 
requisite as Homer or certain dialogues of Plato would not seriously 
inconvenience a student. In fact, no particular day’s lesson in most of 
the earlier courses may be said to be absolutely prerequisite. 

Many illustrations similar to the one just cited are to be found in 
engineering curricula. A further illustration in arts may well be 
given. Thus consider history. A general introductory course in 
medieval and modern history is usually a prerequisite to further 
study. But later courses dealing with special periods as that of the 
French Revolution, do not demand so imperatively exact and complete 
preparation in the introductory courses. 

The technical school, with its groups of continuous and interdependent 
courses, offers more severe mental discipline for the average student than 
does the arts college, where the prerequisites are largely formal require- 
ments for the sake of a logical continuity that lays small burden on the 
student’s mental powers. This is true even under a group elective 
system. Thus imagine a group requirement which called for four 
courses in the same scientific department. Biology offers general, intro- 
ductory, and but slightly related courses in physiology, anatomy, botany 
and zoology. The disciplinary value of a general introductory course in 
any subject, which is not followed by a punishing and detailed study to 
which it is immediately prerequisite, is slightly more than that of a 
popular series of illustrated lectures with collateral reading. 

The aphorism of pedagogy, “ No impression without expression,” 
may be extended to read “ There is no enduring impression of an unused 
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truth.” A truth of fact or method may be expressed in recitation and 
examination, but its impression frequently will not endure to gradua- 
tion unless it has been reenforced by use in later and more advanced 
analysis. 

The difference in kind between the vocational-college course and the 
technical course is esthetically in favor of the college. What is “shop” 
to the writer or artist is culture to the general, but what is shop to the 
engineer is shop to every one. Those subjects of a college curriculum 
which, unlike the sciences, are not shop, are to be classed popularly as 
either pedantic or cultural. The economic group is an illustration of 
the first division, the language and literature group of the other. The 
technical-school graduate, as has been noted, is sadly deficient in both 
divisions. The arts-college man pursuing his individual vocational 
course may be practically as deficient as the graduates of the better tech- 
nical institutions. In general, however, he is not. 

Some possible difficulties in the way of the Amherst scheme have 
been indicated by this analysis. To those students, whose individual 
vocational courses do not include the sciences, the Amherst curriculum 
will be essentially that of other colleges of the same rank. The attempt 
to supply a general broad culture and training for those students who 
have no definite objective, but are potentially future statesmen and 
administrators, seems to promise nothing more than do Harvard, 
Williams or Yale. Except for the students in vocational courses, how- 
ever, the pacemakers will be gone. It is hard, as has been noted, to say 
of any day’s class assignment of history, philosophy or language, that it 
is likely to be of service in later life. For the engineering, law or med- 
ical student, a statement of the probable usefulness of each particular 
lesson can be made with more certitude and definiteness ; for other voca- 
tional students with less, but for the student of general culture, with a 
minimum. The question then is whether, in the distraction of interests, 
without a single and definite goal, lacking the disciplinary sciences, 
when of no single day’s lesson it can be said that it is immediately pre- 
requisite to the student’s life work, the class-room standards will not 
suffer. 

To place the emphasis upon the “ humanities” is retrogressive if 
the term is defined in its limited, derived and Scottish meaning of 
“polite and classical literature.” Let the term be defined by a less 
derived meaning of “ liberal knowledge befitting man” and it may be 
postulated that college and technical school alike should train their 
students in the humanities. This liberal knowledge should fit a young 
man for service to society and for sympathetic and congenial relation- 
ships with his fellow man. It must include not only the history and 
economics and the cultural arts and literature in which the present tech- 
nical course is deficient, but also the science in which too often the arts 
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college graduate is untrained. The position of science in present-day 
life needs no advocate. 

It would seem that the difference between colleges and technical 
schools would then disappear. In part, this is true and is desirable. 
A difference of degree would still exist, as is evident from the follow- 
ing suggested changes in their respective curricula. 

For the technical school there is suggested a standard five-year 
course embodying all the features of the present four-year standard, 
except some of the instruction in purely commercial operations. The 
resulting year and a fraction gained for further study would be ex- 
pended in part upon pure science and mathematics, but largely upon 
history, economics and literature. The objections to such a curriculum 
are mostly in the nature of practical difficulties in its inception. The 
competition for students between technical schools is sufficient to for- 
bid any except the largest and financially most secure from announc- 
ing to prospective students five years to accomplish a degree for which 
the purely technical requirements represent but four years’ work. A 
large number of our technical-school students are so short-sighted that 
they resent and tend to avoid anything in the curriculum which does 
not seem to bear directly upon the degree and the job to which it ad- 
mits them. Any instructor in English in a technical school can sup- 
port this statement. The difficulties are then, on the one hand, short- 
sighted students, and on the other, short-sighted employers. 

A technical school, however, should be distinctly above the grade of 
a business college or a school of stenography in its relations to the 
ultimate public welfare. It should exert a formative influence upon 
the future of its professions and not merely mirror existing commercial 
conditions. It should by precept and requirement lead the short-sighted 
members of its student body to a desire for a broader preparation, and, 
relying upon that increasing number of far-sighted employers to care 
for its graduates, it should confidently anticipate the market for its 
product. 

For colleges, on the other hand, the following detailed suggestions 
may be made. First, that a general introductory course of a year’s 
duration be required of the student in each of the subjects of physics, 
chemistry and biology. In biology the emphasis should be upon living 
forms and not on classification and nomenclature. Second, the student 
shall then elect one of these subjects for continuation. The character of 
these three subsequent courses departs radically from present college 
conventions. Each course should be of a year’s duration and should 
treat briefly of the present-day commercial and technical applications of 
the principles studied in the introductory course. The aim should be to 
impart those scientific facts and methods of probable later value to the 
student either in business relations with scientists and engineers, in 
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questions of public welfare, in questions of investment, or in the pursuit 
of personal health and pleasure. Thus there would be studied such 
practical matters as the generation, distribution, metering and sale of 
gas and electricity; hydro-electric and irrigation developments; water 
and sewerage systems ; heating and ventilation ; illumination ; sanitation 
and hygiene; the chemistry and physiology of foods; electric and steam 
traction ; steam and gasoline engines for power or pleasure vehicles. 

Such courses are quite possible if based upon introductory courses of 
sophomoric grade. The ordinary high-school courses do not supply a 
sufficiently advanced basis. The introductory courses should be espe- 
cially outlined in connection with their continuations. The advanced 
courses would best be presented under the direction of three instructors 
broadly trained in their respective subjects of electrical engineering, 
chemical engineering and sanitary engineering, in cooperation with a 
doctor of medicine, an economic geologist, and the pure science in- 
structors of biology, physics and chemistry. The work of all the courses 
should be of the same standard as that for similar subject matter in the 
best technical schools. The subjects should be presented by illustrated 
lectures, class recitations from text-book assignments, exercises in 
problems, excursions to illustratory industries or public improvements, 
and written reports. The success of such courses depends much upon 
the teaching staff. The need of some such courses, however, is steadily 
increasing. 

In the main the solution of the present educational problem may be 
said to demand more liberal arts in technical schools, and equally, more 
practical science in colleges. 
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THE REVIVAL OF ECONOMIC ORTHODOXY 


By Prorgssor S. M. PATTEN 


UNIVERSITY OF PENNSYLVANIA 


O the student of thought, it is interesting to see how long a theory 
persists after its foundations have been undermined. One can 
almost say of theories that, like superstitions, they never die. They 
have at least nine lives and are killed again and again before their ad- 
herents can give them up. And the worst of it is that disproved theories 
have an especial attraction for the best minds. It is not poor thinkers, 
but good: ones, that try to square a circle or to create perpetual motion. 
Old thought is also well-formulated thought. It has a complete termin- 
ology and its shades of meaning can be expressed with accuracy. New 
thought must use terms that are unfamiliar to the public or are twisted 
somewhat from their popular meaning. A logical thinker let loose on a 
new topic can play havoc with the printed page of his opponent who has 
the facts but does not have the language to express his view. Only 
when one has tried to state some new thought does he realize how poor 
a vehicle language really is. He finds that most words are synonyms 
used to express old ideas in many ways. None of them are free from 
implications that turn the reader back to the older view instead of help- 
ing him to break new ground. New thought does not get into the 
printed page until long after it is a reality to those who study nature 
instead of books. 

This statement has been provoked by an article entitled “A Bugbear 
to. Reformers” in the May number of this magazine. If Professor 
Carver had put his article in an economic journal, his readers would 
understand what he has omitted or covered up. He choses, however, to 
appeal to a less specialized audience and talks in terms of analogies, 
instead of stating the economic facts. Reformers, he says, deny that 
water runs down hill. This kind of talk has a familiar ring. It is the 
way orthodox economists of a preceding age reasoned. They rarely 
stated or even knew the facts. They routed their opponents by a free 
use of analogies drawn from the physical sciences. While this sort of 
reasoning fell for a time into disrepute, it has of late shown a renewed 
vigor because some of the new economists have pushed so far ahead as 
to be on unstable ground. A reaction has set in and on the tide of the 
reverse movement some expect a return of the good old days when econ- 
omists talked of the law of gravitation, the rise and fall of tides, the 
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equilibrium of physical forces and like analogies, instead of squaring 
their theories with the facts. This gives Professor Carver his chance to 
question the sanity of those who reject his favorite doctrines. 

At first thought, scientists may favor a settlement of economic prob- 
lems by the use of familiar ideas involving no economic knowledge, but 
in the end it will prove a mistake to appeal from adverse economic 
opinion to those versed in physical science. The orthodox economists 
were city people who let their imagination have free play in agriculture. 
One of their pictures was that of a vast plain of identical soil and 
climate. After picturing this world, they asked what motive can any 
one have to move from one part to another? To this Professor Carver 
replies, “ whenever agricultural populations tend to spread, it is either a 
sign of insanity on their part or of diminishing returns on land.” 

To deny this, an economist does not have to pump water up hill. 
He questions the picture on which the law of diminishing returns is 
based. The principal that Professor Carver overlooks is the localization 
of soils, climates and products. The various geological deposits are ir- 
regularly placed and the climates found in different localities are even 
more diverse. Animal and plant life have been localized so that each 
locality yields different products or the same product at varying costs. 
No acre can yield as much return to labor as if it were spent on many 
acres or in many localities. Conversely, no race living on one article of 
food or using one kind of clothing or shelter can be as vigorous as those 
who supply themselves with a greater variety. The spread of popula- 
tion is due to this fact. The more climates, soils, animals and plants 
utilized, the better the living and the lower the costs. 

A primitive community does not, as Professor Carver assumes, use 
a single soil and some one food. It is as complex as a modern state. 
The bottom land is used for plowing, the upland for grazing. There are 
wood lots, fishing places and an open region where wild game roams. 
Men go farther for goods in the modern than in a primitive world, but 
this does not imply diminishing return. When they herded sheep in an 
adjacent mountain valley, the effort then needed to get a pound of wool 
was greater than it now is to bring it from Australia. We have in- 
creased the distance traveled, but we have reduced the cost. Every 
spread of population has brought increasing returns because it has 
helped men to utilize the natural resources of the various localities. Is 
a community wise or foolish which uses different soils and climates in- 
stead of confining itself to one? Can two communities with different 
soils and climates exchange commodities to mutual advantage? If they 
can, there is a valid reason for the spread of population. Such a move- 
ment is not as insane as it seems to those who do not appreciate the 
localization of resources. A 
Professor Carver asks why England should not get all her agricul- 
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tural products from her own soil. The obvious answer could be found 
in any economic text-book. England has great stores of coal and iron, 
while other regions have none, or what they have is of inferior quality. 
This localization of resources makes an exchange of products advan- 
tageous, and in such an exchange the lighter and more easily moved 
products are transported. This fact has been greatly to the advantage 
of England. Food has come to her instead of coal, iron, cotton and wool 
going elsewhere to be worked up. This advantage is now lost and there 
is a spread of industry to other nations, much to the disadvantage of 
England. The pressure that is now producing so much poverty in Eng- 
land is not due to diminishing returns, but to a more natural distribu- 
tion of industry. Another reason for the movement of food to England 
has been the unstable political conditions elsewhere. If Russia will not 
protect industry, her food goes to countries where it is favored. The 
diminishing returns thus caused are felt, not in England, but in Russia. 
England gains by trade with inferior nations and has her profits raised 
thereby. It is not England but the inferior nations that pay the cost of 
transportation. 

Professor Carver asks why does urban population grow, and again 
answers—the law of diminishing returns. The real reply is that urban 
population grows because the scale of production is increasing. Central- 
ized industry yields a greater return than localized workers receive. 
He also asks why it is necessary to change our habits, eating, for ex- 
ample, more oatmeal and less beef? In replying, he is as far off here 
as in his other answers. It is not the poor who cut down the amount of 
meat they eat. It is the more intelligent, and they do it because a 
varied diet gives them more energy. That the English eat beef and 
wheat bread is not due to their superiority as food, but to historical 
conditions. English habits are social survivals, not physiological neces- 
sities. The English eat meat for the same reasons that the Jews refuse 
pork. If these old dietary laws prove anything, it is that the law of 
diminishing returns is a social tradition and not a physical law. Why, 
he also asks, are inventions and improvements made unless it be to en- 
able increasing populations to avoid the law of diminishing returns? 
Inventions are not made to support increasing population: population 
increases because inventions have been made. I can point to forty in- 
stances where the increase of population has followed inventions. I 
doubt if he can point to one where the increase of population came first. 
Growing population is an effect, not a cause. Men make improvements 
to increase their product. The economy of effort is a psychic tendency, 
not a physical fact. We get inventions as men move up in the scale of 
existence, not as they move down. 

Two fundamental facts are thus involved in the relations of men to 
nature. The resources of the world are localized and population must 






ECONOMIC ORTHODOXY 249 


spread to utilize them. This natural spread is limited by the cost of 
transportation. On the other hand, the economy of effort demands the 
concentration of population. Inventions and large-scale production 
give advantages to centralized industry. When population does not 
spread, we may be sure that centralized production is overcoming the 
disadvantage of transporting goods. If X represents the cost of moving 
goods and Y the advantage of centralized production, the equation that 
results is X < Y, that is, the effort of moving goods from place to place 
is less than the advantages in production and consumption that such 
a movement brings. Greater returns, greater population and its wider 
distribution go together. The one society into which we are blending 
will utilize the world more fully than the many local societies of the 
past have done, and at the same time its members will be a multitude so 
vast that the underpopulation of the present can be readily seen. 
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GEORGE MARCGRAVE, THE FIRST STUDENT OF 
AMERICAN NATURAL HISTORY 


By Dr. B. W. GUDGER 


STATE NORMAL COLLEGE, GREENSBORO, N. C. 


** (\ EORGE MARCGRAVE! was born at Liebstadt in Saxony in 

1610, went as physician with the expedition of Count Maurice 
of Nassau-Siegen to Brazil in 1638, wrote ‘ Historia Rerum Naturalium 
Brasilie’ and died on the coast of Guinea in 1644.” Such are the 
accounts, when divested of errors, given of Marcgrave in our biograph- 
ical dictionaries. 

However, the present writer, having had occasion to trace back to 
Marcgrave, as the original describer and figurer of the species or genus, 
three American fishes on whose life histories he has worked, has become 
somewhat acquainted with his career. Finding this of much interest, 
he has endeavored to collect the scattering data and has worked it into 
this sketch, hoping that other present-day students of natural history 
may also find it of interest to know something of this man who first of 
all essayed to make known to the old world the real natural history of 
the new. If in this sketch the present writer has helped to make 
Marcgrave’s excellent work known, and to give him the recognition he 
justly deserves, he will feel abundantly repaid. 

As the sequel will show, the material for a sketch of Marcgrave’s life 
is scanty, widely scattered and hidden in little-known sources. Con- 
siderable time and effort have been spent during the past year in getting 
it together, but the amount of data would have been comparatively 
limited save for the help and cooperation of a number of librarians.” 

Also spelled Markgrave, Marggrave, Margrave, Markgraf, Marggraf, 
Marcgraf, but written by himself Marcgrave. 

*The majority of the works cited have been consulted through the kind 
offices of Mr. Herbert Putnam, librarian, and Mr. W. W. Bishop, superintendent 
of the reading room of the Library of Congress. To Mr. Harry Clemons, refer- 
ence librarian of the Princeton University Library, and to Mr. H. H. B. Meyer, 
chief bibliographer of the Library of Congress, the writer is indebted for many 
courtesies in matters of bibliography. To Mr. H. M. Lydenberg, reference 
librarian of the New York Public Library, his debt is great. Mr. Lydenberg 
has taken a personal interest in this work and has supplied data and references 
of which the writer would never have heard but for his kindness. He is likewise 
under especial obligations to Dr. Perlbach, of the Royal Library of Berlin, for 
photographs of the original drawings of Brazilian objects (hereinafterwards 
reproduced), for references and for copies of articles not procurable in America. 
For help in translating the large number of Latin references used, the writer is 
under obligation to Misses Boddie and Dameron, of the Latin department of this 
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Our knowledge of Marcgrave’s early life is especially scanty, our 
most reliable and almost only authority being Manget or the unknown 
writer in his “ Bibliotheca Scriptorum Medicorum,” 1731, whose 
account the others probably copied.® 

From him we learn that George Marcgrave was born September 10, 
1610, at Liebstadt, a town of Meissen in upper Saxony. He came of a 
good family which had lived in Liebstadt for two hundred years. His 
father and his maternal grandfather were men well educated for that 
time, being “ learned in theology and in Latin and Greek.” 

These men, seeing that Marcgrave was a boy of fine character and 
great promise, seem to have devoted much time and attention to his 
education. They taught him Latin and Greek and saw to it that his 
talents in music and painting were developed, so that he turned out to 
be no mean musician and “a painter not to be contemned.” These 
same wise parents seeing that, if Marcgrave would ever do anything in 
the world, he must get out into the world, exhorted him to travel and 
study, and he, nothing loth, set out in 1627 in the seventeenth year of 
his life, and did not return to the paternal roof for eleven years. 

During this time he visited and studied mathematics, botany, chem- 
istry and medicine at ten German universities (academie). These 
were Argentorata, Basel, Ingoldstadt, Altdorff, Erfurt, Wittenberg, 
Leipsic, Griefswald and Rostock, where he dwelt and studied with 
Simon Paulli, a distinguished botanist. Thence he went to Stettin, 
where he spent two years studying astronomy with Laurence of Eich- 
stadt, the most celebrated astronomer of his time. Here Marcgrave 
seems to have become so proficient that he was of material assistance to 
his teacher in working out certain astronomical ephemerides, and Man- 
get tells us that the latter gave credit to him in the preface of his work 
published in 1634. 

After traveling in the north of Germany and in Denmark, Marc- 
grave went to Leyden in Holland, where he spent two years, devoting 
his nights to the study of astronomy from the tower or observatory of 
the university and his days to botanizing in the gardens and fields. 
His masters here were Adolphus Vorstius and Jacob Golius, the former 
a botanist and the latter an astronomer. 

Marcgrave was now in his twenty-eighth year, and in the plenitude 
of his powers both physical and intellectual. His travel and study of 
college. To all who have so kindly helped in making this article cordial thanks 
are returned. 

* The authorship of this sketch is an interesting problem, which Mr. Lyden- 
berg has vainly endeavored to solve. He notes that the writer, who makes it 
clear that he was a personal friend of Marcgrave’s and a contemporary of the 
principals in Count Maurice’s expedition to Brasil, could not have been Manget 
himself, since he was not born until 1652 and Marcgrave’died in 1644. With this 


understanding and to avoid multiplication of words, he will however be hereafter 
referred to as Manget. 












































252 THE POPULAR SCIENCE MONTHLY 





the past eleven years, his residence and work in the various universities, 
his intimate association with the learned professors he had met, espe- 
cially the four named above, had tremendously stimulated him. He 
had received the best that Europe had to give, but he was not content. 
Manget says that he constantly had before him the saying of his father 
and grandfather that the world lay open before him. 

While in Leyden he received another great and even more powerful 
stimulus, one which was to determine his whole future life. Amster- 
dam, twenty-two miles away, was the headquarters of the Dutch West 
India Company. ‘This company had been formed, not, like its great 
confrére of the East Indies, for trade and colonization, but primarily to 
harry the New World trade and settlements of the Spaniards and Por- 
tuguese, the ultimate objects being to capture treasure ships and to 
create a diversion in favor of the Belgians, with whom the Spaniards 
were at war. In the course of events, however, the Dutch had captured 
and at that time held the whole of the northeast coast of Brazil. 

_ Maregrave knew many Dutchmen who had returned from Brazil, 
and their stories of the new world fired his imagination and tremen- 
dously stirred his ambition. He seems to have made up his mind to 
go to Brazil, not as a mere adventurer, but as a student and scientist. 
Manget tells us that 

He burned with great desire to study the southern stars, Mercury especially, 
and he saw the great (unworked) field of natural history and the harvest of no 
small praise to be gained (from it) in America. Therefore he moved every stone 
and sought every opportunity for going to America. 

Living in Amsterdam at this time was Jan de Laet, “ Prefect” or 
managing director of the Dutch West India Company. Marcgrave 


_ knew De Laet and sought his influence and help, and so successfully 


that he was appointed astronomer to the company was so enrolled on its 
archives, and was assigned in that capacity for investigation in Brazil. 

Accordingly, Marcgrave left Holland, which he was destined never 
again to see, on January 1, 1638, and after a voyage of two months 
reached the coast of Brazil. This expedition was under the leadership 
of Johann Moritz, Count of Nassau-Siegen, to whom was entrusted the 
supreme command of the Dutch conquests in the New World, and who 
had preceded Marcgrave into Brazil by a little more than a year. This 
remarkable man was not merely a great soldier and statesman, but was 
a lover and cultivator of the sciences in which he was no mean student.* 





* With regard to Count Maurice, the present writer can not do better than 
quote Swainson’s encomium which is attested by all the other writers who speak 
of the Count, ‘‘It is almost inconceivable how this illustrious man, whose life, at 
this period, would appear to have been spent alternately in the camp and the 
council, could find leisure even to think of science, still less to have prosecuted 
it in his closet. Yet the versatility of his mind, and its power of abstraction, 
was so great that such was actually the fact. He not only patronized and assisted 
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On this expedition he took with him as his immediate family, Franz 
Plante, his court preacher (who afterwards became professor of theology 
at Breda), and William Piso, his body physician, while later there joined 
him George Marcgrave, astronomer and geographer, and Henry Cralitz, 
a young German student, who unfortunately died shortly after arriving 
in Brazil. 

Piso was physician to Count Maurice and chief surgeon of the 
troops. It seems probable that he was also head of the scientific work 
of the expedition (Driesen, De Crane) since he was a much older and 
more experienced man than Marcgrave. However, so far as the natural 
history work was concerned, Piso limited himself closely to that aspect 
of it which was purely medical, as will be shown later. Marcgrave on the 
other hand had a much wider field. He certainly practised medicine 
to some extent, but his larger activities were given to astronomy, geog- 
raphy and natural history, in all three of which branches he did an 
enormous amount of work, as the sequel will show. 

Marcgrave, who seems possibly to have been known to Count 
Maurice in Holland, before he had been in Brazil many months thor- 
oughly established himself in the favor of his patron. Manget assures 
us that this was due first of all to the fact that Marcgrave had some 
knowledge of military architecture. This knowledge was probably made 
of service to the Count in the building of his new capital, Mauritia, in 
the environs of Pernambuco. 

Be that as it may, Marcgrave certainly rose rapidly in the esteem 
of his chief, for we find that the latter built for him in 1639 in the 
city of Mauritia an astronomical observatory of stone from which 
Marcgrave studied the motions of the stars, their risings and settings, 
their sizes, distances and other phenomena.® 

To care for these extensive collections, his generous friend and 
the labors of those whom he had engaged for this purpose, but actually worked 
himself in describing and drawing the various new animals of Brazil, even in 
the most arduous periods of his government. ’’ 

5 On the island of Antonio Vaez in the harbor of Recife, Count Maurice built 
after plans by Peter Post a vice-regal palace, Freiburg, in the suburb called 
Mauritia. This building had two towers which were visible six to seven leagues 
at sea and which served as beacons to the mariners (Nieuhoff). It was probably 
one of these which Marcgrave used as an observatory. This was in all proba- 


bility the first astronomical observatory ever erected in the southern hemisphere 
and in the new world. ; 

And at the same time he received from Count Maurice a troop of soldiers, 
which accompanied him throughout those parts of Brazil where he explored, so 
that he was able to hunt for, capture, collect and dry wild beasts of all kinds, 
fishes, birds and plants: in all which, collected, preserved and displayed before 
Count Maurice as if they were alive (4. ¢., stuffed), he brought great delight 
to the Count and the highest praise to himself.° (Manget.) 

*This information was given to Manget by Colorellus of Mansfeld, the 
leader of these troops. 
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patron (according to Lichtenstein and Driesen) had gardens, cages and 
fish-ponds constructed in Mauritia. Manget further tells us that Count 
Maurice called himself the disciple of Marcgrave, and as we shall see 
later, in his hours of leisure took a considerable part in working up 
these collections. 

In his collecting tours, Marcgrave seems to have pretty thoroughly 
explored the northeastern part of Brazil, particularly those regions 
embraced in the present states of Pernambuco, Parahyba and Rio 
Grande do Norte. How many of these exploratory journeys Marcgrave 
made is not known, but that he made at least three is certain and for 
this reason. It seems that from the time of leaving Holland he kept a 
journal, and that this journal for the years 1638, 1639 and 1640 fell 
into the hands of the unknown writer in Manget. This man expressly 
says that the journal for these trips was written up day by day and that 
he had it in his possession. What became of the journals for the other © 
three and one half years (1641-1644) he did not know. 

The first of these journeys was undertaken on June 21, 1639, and 
lasted for thirty-nine or forty days. The second, begun on October 20, 
1640, lasted twenty days. The third and shortest covered the time 
from December 8 to December 19, 1640. How many other explora- 
tions Marcgrave made can not be said, but, even if there were no other 
extended ones, there was no lack of opportunities for studying natural 
history, since he had but to go outside the city or camp to find himself 
surrounded by plants and animals new and hitherto unknown to the 
scientific world. 

It must not be supposed, however, that, because the jungle could be 
reached in a short distance from the camps, it was easy to see, much 
less to collect, the animals found therein. All explorers and naturalists 
in the wilds of Brazil have strongly emphasized the fact that one may 
travel hours and even days through the forests without ever seeing or 
even hearing bird or beast. This is, of course, due to the very dense 
vegetation and to the fact that most of the forest dwellers are likewise 
tree-top dwellers and are found high up in and on the tops of the trees. 
The wonder is that Marcgrave, in the wild and unsettled condition of 
the country and with his limited knowledge of the habits of the animals 
he sought, should have amassed such valuable material. That he let 
slip no opportunity to add to his collections and to his observations will 
be shown later, and it is probable that, having become acclimated and 
having laid the foundation of an acquaintance with the fauna and flora 
of Brazil, the years 1641-44 witnessed far more scientific activity on his 
part than the preceding three years. 

At last the time came (May, 1644) when, his work having been 
brought to a stop by the preparations of his chief to return to Holland, 
he determined to go home also. Concerning this matter the unknown 
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writer in Manget is very explicit, so much so that it seems.well to quote 
him in full: 

Samuel Kechelius, a distinguished astronomer who has taught for many 
years at Leyden and who was formerly a messmate of Marcgrave’s, has told me 
of letters sent to him from Marcgrave in Brazil in which the latter announced 
that he had packed up all his possessions and awaited a favorable wind that by 
the grace of God he might return to his native land with the renowned Prince 
(Maurice). But in spite of his determination, and unexpectedly, so Kechelius 
narrates (and the same others report also), he was sent to Angola in Africa to 
what purpose he was ignorant, and as soon as he came thither he died. 


So died and went to his grave at the age of thirty-four, at the zenith 
of his activities and reputation, George Marcgrave, who, had he lived 
but a few years longer to have put into shape his Brazilian collections 
and observations, would certainly have raised himself to the rank of the 
first natural historian of his time, and possibly that of greatest since 
Aristotle.” 

The scientific fruits of this expedition to Brazil of, Count Maurice, 
of Piso, and especially of Marcgrave, are of four kinds: (1) the astro- 
~ nomical and mathematical MSS. of Marcgrave; (2) the extensive nat- 
ural history collections; (3) the MSS. of Marcgrave and Piso dealing 
with the natural history and medicinal matters of Brazil; and (4) the 
two sets of figures of Brazilian plants and animals, the one in oil and 
the other in water colors, which will later be referred to. 

With reference to the natural history collections which Count 
Maurice brought back from Brazil, Lichtenstein tells us that in addi- 
tion to the material amassed by Marcgrave in his explorations, the 
Count sent expeditions east to Africa and west as far as the Pacific 
(note Marcgrave’s paper on the Chileans, with the figure of the llama, 
referred to later), and that these brought back many natural history 
objects. To care for these specimens, the Count converted Freiburg 
into a museum, and its grounds into a botanical-zoological park. (Van 
Kampen.) 

When at length this illustrious patron of the natural sciences deter- 
mined to return to Holland, he stripped Freiburg and its grounds of 
their treasures, and so voluminous were these (“the richest ever 
brought to Europe in one vessel”) that Lichtenstein affirms that Count 
Maurice supplied his own museum, those of two universities (Leyden 
being one) and those of many private individuals (Martius notes Seba’s 

TIt is a source of no small regret to the present writer that he is unable to 
give in connection with this sketch a portrait of Marcgrave. In none of the 
works listed in the bibliography at the end of this article is there such a portrait 
or reference to any. Mr. Lydenberg has kindly gone through the extensive list 
of portraits belonging to the New York Public Library, and has also searched 
several other lists (one containing the portraits of 30,000 Germans) without 
finding any. It seems probable that there is no portrait of Maregrave extant. 




























































































































256 







THE POPULAR SCIENCE MONTHLY 


especially) with such an abundance of natural-history material, that at 
the end of a one hundred years it had not all been worked up. 

That these collections were largely the work of Marcgrave seems 
more than likely. And indicative of the care which he bestowed on his 
specimens and of the value set upon them as a result, the following 
quotation from Manget is in point. 

Samuel Kechelius saw sold at Harlem for 4,000 florins a book of dried 


Brasilian insects, the names of all of which were written in Marcgrave’s 
own hand. 


With reference to Marcgrave’s mathematical and astronomical work, 
we know little about its extent and even less about its content. That 
he drew plans for camps, cities and fortifications, and made maps of 
the regions explored, we are told by the writer in Manget.® In addi- 
tion to these there were MSS. of more important character brought 
back by Count Maurice from Brazil. 

De Laet, who was Marcgrave’s literary executor, tells us in the 
preface to Marcgrave’s part of the 1648 folio that from notes found 
among Marcgrave’s papers it is clear that our author had worked up his 
mathematical and astronomical data into a great work in three parts 
under the title, “ Progymnastica Mathematica Americana.” 

The first section is on Astronomy and Optics and contains a review of all 
the southern stars found between the Tropic of Cancer and the Antarctic Pole; 
many various observations of all the planets and of eclipses of the sun and moon 
worked out in an original way; new and true theories of the inferior planets, 
Venus and Mercury, based on special observations; a theory of refractions and 
parallaxes setting forth the greatest obliquity of the ecliptic; and finally data 
not only on sun spots but also on other astronomical rarities. The second section 
is geographical and geodetical, containing a theory of the longitude of the earth 
and manner of computing the same, demonstrating the true dimensions of the 
earth from special observations, and disclosing the errors of geographers ancient 
and modern. The third is based on the two preceding and consist of the astro- 


nomical tables of Maurice. [Query, made at his observatory at Mauritia or 
dedicated to Maurice?] 


From certain statements found in the various prefaces and introduc- 
tions to both the 1648 and 1658 folios, it seems rather probable that 
Piso had charge of these MSS.; but at any rate it is certain that prac- 
tically all of the papers in the first and second sections were by order 
of Count Maurice or De Laet turned over for editing and publication 
to Golius, the Leyden astronomer and former teacher of Marcgrave. 
Unfortunately, they seem to have been lost, at any rate, it is certain 
that they were never published. 

*Driesen, De Crane and Van Kampen say that Marcgrave worked up four 
special charts of Brazil, and that Count Maurice after his return to Holland had 
them etched on copper and had many copies made. These must be the maps 
which Manget says were common ornaments on the walls of the vestibules in the 


homes of the better class of Dutchmen. Later a second edition was printed, but 
as Margrave’s name was omitted from this all credit was lost to him. 
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Thus a great injustice was done Maregrave, whose work was done over with 
much eclat by Caille and La Condamine. (Lichtenstein. ) 


In this opinion De Crane also joins, and he intimates further that 
Huygens also merely rediscovered some of the things which Marcgrave 
had observed. 

De Crane, followed by Van Kampen and Driesen, who undoubtedly 
copy him, alleges that the reason why Golius never published these 
MSS. was that they were written in cipher. This, however, seems to be 
an error, since it is not confirmed by De Laet or by any other writers 
on Marcgrave’s life so far as I can ascertain. The internal evidence 
bearing on Marcgrave’s cipher MSS. will be taken up later. However, 
with regard to the astronomical tables of the third section, Lalande 
makes the following interesting statement: 


I have also found among the MSS. of M. de 1’Isle notice of some observa- 
tions . . . of several other astronomers, observations which have never been 
published. Among such are those which Maregraf made in 1639 and 1640 in the 
isle de Vaaz in Brazil, which are filed in the archives; but the original remains 
at Cadiz with the MSS. of M. de Louville and some others which M. Godin had 
brought there and which are thought to have been in the hands of D. Antonio 
de Ulloa. 


Elsewhere Lalande also notes that Flamsteed had examined Mare- 
grave’s observations on the Ecliptic. These references would seem 
plainly to indicate that these MSS. were not in cipher. 

De Crane alleges that the copy is on deposit in the archives of the 
French Marine, and Van Kampen thinks that these papers fell into 
Spanish hands (how he does not say) and that they were made use of 
by Godin and de Ulloa in their work of measuring a degree of longitude 
on the plateau of Ecuador in 1835. However, careful search on the 
part of the present writer has failed to reveal any notice of them in 
de Ulloa’s account of his travels in South America. 

One of these MSS. alone has come down to us. Barleus (1647) 
seems to have preserved, and Piso in the 1658 folio has published, 
Marcgrave’s “ Tractatus Topographicus et Meteorologicus Brasiliz cum 
Eclipsi Solaris ” (of 1640). While this is based on Marcgrave’s own 
observations, still it is known that to give him more extended data 
Count Maurice had ordered all the Dutch ship masters in Brazil to 
make careful notes and even drawings of the eclipse and turn them over 
to Marcgrave. 

It is interesting to note Marcgrave’s own statement of his work 
found in his preface to the Progymnastica as quoted by De Laet (1648 
folio). 


A work much desired but up to the present time attempted by no one, 
happily begun by the assistance of the illustrious hero, Johann Moritz, Count of 
Nassau-Siegen, Prefect of the lands and seas of Brazil, and by God’s help after 
voL, LXXxI.—18. 
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much labor completed in the new city of Mauritia situated in the Brazilian 
region of South America, by the author, George Marcgrave, a German of 
Liebstadt. 

Just as the tower of Freiburg, which was given over to Marcgrave’s 
use, was probably the first astronomical observatory ever erected in the 
southern hemisphere, so it is also probable that Marcgrave’s observa- 
tions of the southern stars were the first ever made in the history of 
the world. For this reason, even if we do not take into account their 
scientific value, their loss is irreparable. 

Fate, however, has been kinder to us in the matter of Marcgrave’s 
natural-history papers, since these have come down to us fairly com- 
plete. -However, before taking up their history in any detail it will be 
necessary to advert to a very unpleasant topic, namely, the relations 
between Marcgrave and Piso. 

The collection of material for the present paper had not gone very 
far when it was found that Marcgrave had written his “ Historie Rerum 
Naturalium Brasilie” in cipher. This with other indications led to 
the conclusion that the relations between himself and Piso were 
strained. To the unknown writer in Manget, all the principals in this 
expedition to Brazil were known personally; this he tells us in so many 
words. Also, he writes: 


From many things I gather that Piso and Marcgrave never cultivated a 
mutual understanding, although Piso called himself Marcgrave’s disciple. 


Further, this writer seems to have known of many things which he 
alleges would redound to anything but the credit of Piso. Making due 
allowance for the partisanship of this biographer, it does seem that Piso 
living had appropriated to himself much of the credit of Marcgrave 
dead. Further, it should be borne in mind that Piso went to Brazil as 
surgeon in chief to the expedition, his scientific work being incidental ; 
while Marcgrave went as a scientist and student, his medical work 
being incidental. (Piso, Preface, 1648.) While in the 1648 folio, 
edited by Marcgrave’s friend De Laet, Piso gives large credit to Marc- 
grave, in the 1658 folio, as we shall see later (De Laet having died in 
1649 or 1650), he combines Marcgrave’s work with his own, giving the 
latter credit in marginal references only. 

In both the 1648 and 1658 folios Piso in the prefaces calls Marc- 
grave “meus domesticus.” Even if we give this the most favorable 
translation, “of my household,” it still indicates that Marcgrave was 
subordinate to him. Elsewhere there are given a number of instances 
in which Piso plainly means to convey the idea that he was chief of the 

® The only one absolutely known to be missing is a paper on the geographical 
distribution of plants. This is stated on the authority of Driesen. Corroboratory 
is a statement by De Laet that he had sent to Marcgrave notes transcribed from 


Ximines, and specimens collected for him (De Laet) from the islands of America 
that Maregrave might compare them with the plants of Brazil. 
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scientific staff and that Marcgrave had his work assigned by him (Piso). 
While it is probable that the exact facts can never be absolutely ascer- 
tained, it would seem that if Piso were scientific chief his headship was 
merely nominal. So far as the present writer has been able to learn, 
Piso’s only preparation for scientific work consisted in his medical 
training, and this, it will be recognized, was very limited (he was born 
in 1596). Marcgrave, however, had had 11 years’ study and training 
at the best German and Dutch universities, and was skilled not merely 
in medicine, but in botany, natural history, mathematics and astron- 
omy. He was selected by De Laet and Count Maurice on account of 
these scientific attainments, was given the official post of astronomer 
with a definite salary, and was the intimate personal friend of Count 
Maurice, and as such was a member of his official family. 

We learn from many sources, but above all from De Laet in his 
preface to Marcgrave’s “Historie Rerum Naturalium Brasilie,” that 
this was written in the city of Mauritia and in cipher. It seems well to 
quote De Laet (1648 folio). 

When his papers so confused and unfinished were turned over to me by the 
illustrious Count Johann Moritz, by whose kindness and favor and outlay he had 
done these things, no small difficulty presented itself at once. For the writer 
fearing that some one might try to claim for himself his (Marcgrave’s) work, 
should any misfortune by chance befall him before he should be able to make 
his observations known to the world, had written a good part of those things 
which were of most moment in certain characters devised by himself as a second 
alphabet left in secret, which must first be understood and transcribed with a 
greater effort than any one would wish to assume. Nevertheless, although occu- 
pied with other matters, I accomplished this task with great labor. 


Speaking on this subject Lichtenstein conjectures: 


From the wonderful activity with which he during his stay in Brazil made 
and recorded his observations, one may conclude that Marcgrave anticipated an 
early death and made haste to firmly establish his fame. 

And when one reads of his early and almost immediate death, and 
of the fate of his literary remains, his sound judgment in this matter 
is to be commended. 

However, the present writer, in the light of the data noted above, 
wishes to call attention to the fact that the astronomical and mathe- 
matical papers embraced under the general title “ Progymnastica 
Mathematica Americana” do not seem to have been written in cipher. 
The bearing of this on the Marcgrave-Piso controversy would seem to 
be that, since the latter had no mathematical training whatever, there 
was no danger of his appropriating these papers as his own in case any 
accident should befall their writer; but that such danger was to be 
apprehended with reference to the natural-history papers, hence the 
cipher.2° So cautious was Marcgrave that some things were written in 
a second cipher (De Laet, Preface, 1648). : 


See foot-note to page 256. 
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However, at last De Laet, who was a man of much learning and 
ability, completed his task" in spite of two additional heavy handicaps. 
The first was that he was not skilled in natural science, the second that 
Marcgrave’s notes were arranged in no order whatever, those on each 
animal occupying a separate sheet. The greatest trouble, however, was 
had with the notes on plants, since Marcgrave had not been able to de- 
scribe at one time and on one sheet the plant in leaf, in flower and in 
fruit. These notes, it must be understood, Marcgrave had written in 
the field and in Mauritia, and it is plain that he intended to edit them 
to make a homogeneous whole after his return to Holland. 

How well De Laet did this work those know who are acquainted 
with the “Historia Naturalis Brasilie” published at Leyden and 

,Amsterdam in 1648 with the following dedication to Count Maurice: 

The Natural History of Brasil, prepared under the supervision and by the 
kindness of the illustrious Johann Moritz, Count of Nassau, supreme commander 
of the province and of the high seas; in which not only plants and animals but 
also the diseases of the country, the character and customs are described and 
illustrated with more than 500 pictures. 

The first section of the volume is composed of Piso’s “ De Medicina 
Brasiliensi” comprising four books: I. on Air, Water and Places; II. 
on Endemic Diseases; III. on Poisons and Their Antidotes; IV. on the 
Use of Simples (herbs as remedies). This, which is dedicated to Will- 
iam of Auriacum, covers in all 132 folio pages and is illustrated with 
104 figures limited to books III. and IV. Of these, three illustrate 
mandioca and sugar-making, nine are of animals (five snakes, one 
scolopendra, one sea cucumber, one toad-fish, one frog) and 92 are of 
plants. 

‘The second section, Marcgrave’s “Historie Rerum Naturalium 
Brasiliv,” is dedicated to the Count in the following eloquent terms. 

To Johann Maurice, Count of Nassau, great chief of the lands and seas of 
Brazil, George Maregrave of Liebstadt, a German of Saxony, dedicates these 
things, which during his travels through Brazil, he with indefatigable zeal in- 
quired into, described accurately, and made figures of from life, sought out their 
names among the natives, and so far as he was able when opportunity offered, 
investigated their uses, and in this history has arranged them for the use of all 
students and admirers of natural science, in due acknowledgment and as a sign 
of gratitude for the greatest kindnesses received from him.” 

This work comprised 303 folio pages, consisting of eight books and 
an appendix, and is illustrated by 429 figures. It is divided as follows: 
Book I., in which are described 149 herbs with 86 figures; Book JI. 
contains descriptions of 48 shrubs and fruit-bearing plants with 39 il- 

Jt should be noted in passing that De Laet adds more than one hundred 
annotations to Maregrave’s descriptions of plants and animals. These largely 

consist of data drawn from Ximenes’s accounts of the plants and animals of 
New Spain. 

” This dedication was written in Mauritia (Manget), and seemingly in 

anticipation of the untimely result of his journey to Africa. 
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lustrations; Book III. deals with trees, 104 being described and 75 
figured; Book IV. treats of fishes and crustaceans, both fresh-water 
and marine, 105 of the former being described and 86 figured, the num- 
“bers for the latter being 26 and 19, respectively, and in addition one 
starfish is both described and delineated ; Book V. contains descriptions 
of 115 birds, 54 of these being shown in figures; Book VI. deals with 
quadrupeds and contains descriptions of 46 and figures of 26, together 
with 19 reptiles, of which 7 are figured; Book VII. is devoted to in- 
sects, 55 being described and 29 figured; Book VIII., the last, has to do 
with the country, its aborigines and present inhabitants and has 5 flus- 
trations. The Appendix treats of the inhabitants of Chile and contains 
two figures, one being probably the earliest known drawing of the llama. 

Finally in these eight books are 429 figures for the most part accurately 
drawn by the author himself. (Statement at foot of table of contents.) 

Disregarding Book VIII. and the appendix with their seven figures 
we find that 301 plants are described and 200 figured. Of animals 367 
are described and 222 figured. Of these 668 forms practically all were 
new to science and the 422 figured had probably never been drawn be- 
fore. 

Despite the fact that Marcgrave knew nothing of the subtleties of 
classification based on the structure and position of stamens and pistils 
in flowers, and on the count of fin-rays and lateral line scales in fishes,. 
nevertheless his work in Brazil was an epoch-making one. In bringing 
to the notice of the scientists of Europe the wonders of Brazil, Marc- 
grave was the worthy predecessor of the Prince of Neuwied and of Spix 
and Martius. His history of the natural things of Brazil is probably 
the most important work on natural history after the revival of learn- 
ing, and, until the explorations of the Prince of Neuwied were made 
known, certainly the most important work on Brazil. 

But, in giving praise to whom praise is due, Count Maurice should 
not be overlooked, for it is certain that he alone made it possible for 
Marcgrave to do all this magnificent work. Van Kampen compares 
Count Maurice to Napoleon, who on his expedition to Egypt carried ‘a 
numerous band of savants with him. Piso, however, likens him to Alex- 
ander, in which comparison Marcgrave and not himself must take the 
place of Aristotle. All honor to Count Maurice! 

However, it is not the intention of the present writer to go into any 
extended analysis of the natural-history work of Marcgrave. This has 
long ago been done and most ably for a large part of the animals by 
Lichtenstein (1814-15, 1816-17) and for the plants by von Martius 
(1853-55). It is in the book on fishes that the present writer is most 
interested, and it does not seem out of place to quote the estimates of 
some of the great ichthyologists. 

Cuvier and Valenciennes (1828) say: 


George Maregrave . . . the most learned, the most exact, and above all the 
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one who has most enriched the history of fishes. He made known 100 (105), 
all at that epoch new to science, and has given descriptions very superior to all 
the authors who had preceded him. 


Gunther (1880) writes: ' 


Markgrav especially studied the fauna of the country ... his fourth book 
treats of fishes. He describes about 100 species, all of which had been previously 
unknown, in a manner far superior to that of his predecessors. The accom- 
panying figures are not good, but nearly always recognizable, and giving a fair 
idea of the form of the fish. 
























































Fic. 1. Narinari, AFTER MARCGRAVE, PAGE 176. 


Jordan (1905) notes that 


Maregraf described about 100 species, all new to science, under Portuguese 
names and with a good deal of spirit and accuracy. . . . This is the first study 
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of a local fish fauna outside of the Mediterranean region, and reflects great 
credit on Markgraf and the illustrious Prince, whose assistant he was. ... There 
were no other similar attempts of importance for a hundred years... . 


Since copies of his figures are at hand for illustrating them, the 
present writer wishes to give here Marcgrave’s descriptions of two 
rather well-known fishes as illustrative of the accuracy of his observa- 
tions and the care with which he recorded them. 

The first, whose figure, number 1, is herewith reproduced from his 
“Natural History of Brazil,” }? is the spotted sting ray which we know 
as Aetobatus narinari. Marcgrave’s description is as follows: 


Of the several species of fish called ‘‘Narinari’’ by the Brazilians, the one 
which we have described here is Narinari pinima. It is called ‘‘Raja’’ by the 
Portuguese, and ‘‘Pylsteerte’’ or ‘‘Siecle’’ by the Dutch. It is a Marina 
pastinaca. 

Its body is large, broad, almost triangular in shape, extending out on both 
sides into very broad triangular wings, which are fleshy in their make up. Near 
the tail it has two fins about the size of one’s hand rounded in outline and of 
equal length. Its head, which is thick, compressed and furrowed in the middle, 
is about as large as that of a good-sized pig. 

The mouth rounded underneath is triangular, compressed a little and ter- 
minates in a snout. The opening of the mouth is on the ventral surface, 5 inches 
from the end of the snout. The mouth is 24 inches wide, toothless, but having: 
in the place of teeth a lower jaw in the shape of a tongue. This is 4 inches long, 
14 inches wide, and reaches to the external opening of the mouth. Likewise 
there is an upper jaw placed crosswise, 2 inches long and as many wide. 

The lower jaw consists of 17 hard white bones having the shape of the 
letter V and firmly joined to the membranes. Underneath there lie 17 other 
bones,.one under each, of spongy appearance but not so hard. The upper jaw 
consists of 14 bones, shaped like the letter I and also joined together by mem- 
branes. Likewise there lie above these 14 other bones. Moreover, the two jaws 
are joined to the other bones of the head by membranes (cartilages). 

The cavity of the skull, wherein the brain lies, is about 6 inches long and 
hardly 2 wide. The snout is wholly cartilaginous. The fish has two small eyes 
about the size of a nwmmus misnicus. Behind these eyes on each side is‘a large 
breathing hole capable of holding an apple of ordinary size. Within these holes 
the leaves of the gills lie hidden. On the lower side at the (hinder) end of the 
head are five oblong incisions. 

The whole upper surface of the body is of a dark (ferreus) color with white 
spots the size of a nummus misnicus scattered over it, while the under part is 
entirely white. The skin is everywhere smooth and without scales. 

The length of the body from the end of the snout to the root of the tail 
is one and one half feet; the width between the extremities of the triangular 
wings is 3 feet 10 inches. The length of the fins near the tail is 7 inches, the 
width 4. The length of the head is 10 inches, the width 7, and it is 14 feet thick. 
The tail is 4 feet 3 inches long and its thickness at the beginning is 5 inches, 
but it gradually becomes thinner. A little behind the beginning of the tail, there 
is a small short fin a little more than an inch long; and just behind this standing 


2 The Library of Congress possesses two copies of this rare work. One has 
the wood cuts plain, the other colored by hand. The writer’s own copy has 
plain figures. 
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erect are two little hooks curved like fish hooks and 3 inches long. Its flesh has a 
good flavor and is sufficient to feed 40 men. 


He thus describes the toad-fish: 


Fic. 2. Niqui, AFTER MARCGRAVE, PAGE 178. 


This fish is called Niqui by the Brasilians and by our people Pieterman.” 
It has a thick head, a large frog-like mouth, is toothless, has a thick tongue, 
and the lower jaw is a little longer than the upper. The anterior middle region 
of the body is rather ‘broad, the hinder narrow and rounded. It is at most 6 
or 7 inches long and in the anterior part the breadth is about 14 inches, or a 
little more. Its eyes are small and prominent, set on cylinders like those of the 
land crab, the pupil is dark and the iris an ashy-brown. It has large gills and a 
little back of these a fin (on each side) an inch long and wide, rounded at the 
edge, on the belly beneath these a little further back the gills join. The fin on 
the mid-dorsal region is continued almost to the tail, an inch and one half high 
it grows narrower behind, and on the hindmost parts of the underside of the 
body there is a corresponding one. The tail is more than an inch long, of less 
width, shaped like a parallelogram, and rounded at the extremity. In front of 
the beginning of the dorsal fin it has two strong spines, and above either post- 
branchial a sharp one. It is covered. with skin whose color varying from dark 
to black, is gray mixed, plainly seen over the whole back, head and sides, and 
on all the fins. The belly is white, and on the sides it is rather white than black 
or gray. Over the whole back, head and sides there are scattered little» black 
spots the size of a poppy seed. . It lies hidden in the sand near the seashore, and 
wounds the feet of men stepping on it. 


The great excellence of Marcgrave’s book, and that which distin- 
guishes it from the works of Gesner and Aldrovandi, is that it is abso- 
lutely original. These naturalists, while they did great and good work 
for natural history, were compilers, copiers, men who systematized the 
observations of travelers, but who themselves never saw a tithe of the 
animals whose figures and descriptions they put into their great folios. 
Hence it is not strange that their pages are filled with figures of mytho- 
logical monsters, which make it hard at times for the modern naturalist 
to give them the credit they deserve. 

Not so Marcgrave, however. He went to Brazil and lived in its 
wilds. His figures and descriptions were made from the animals them- 
selves, and very probably in most cases from life.* Furthermore all or 


% The modern name of this toad-fish is not known to the present writer. 
Jordan and Evermann (‘‘ Fishes of North America,’’ Vol. III., p. 2315) refer 
to ‘‘The Brazilian genus Marcgravia (cryptocentra) . . .,’’ which is possibly 
the fish above described. __ 

* At Freiburg in Mauritia, Count Maurice had gardens in which large 
numbers of the plants of the country were set out, he also had cages in which 
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almost all of the plants and animals in his natural history of Brazil 
were new to science, yet his figures and descriptions are so accurate 
that the student of to-day can recognize them at a glance. The fol- 
lowing incident will show the care with which he made his observa- 
tions. In his descriptions of the spotted sting ray quoted above, he 
gave the number of teeth as 14 for the upper jaw and 17 for the lower. 
By an interesting coincidence the numbers were the same in the first 
specimen of this ray ever taken by the present writer. 

That Piso took much part in editing the “Natural History of 
Brazil” (1648) seems from various indications very doubtful, and in- 
deed Lichtenstein declares that in Piso’s absence De Laet attended to 
the editing of the whole work. Whether he had any part in it or not, 
Piso became very dissatisfied and accused De Laet of doing his work 
hurriedly and superficially. Ten years later (1658) he published a 
great folio under the title “De Indie Utriusque Re Naturale et 
Medica” in the endeavor to improve on the previous work. The first part 
of this folio, which he dedicated to the Elector of Brandenburg, bears 
title as follows: “ Historie Naturalis et Medice Indiw Occidentalis” 
and consists of Marcgrave’s Natural History of Brazil and Piso’s Me- 
dicinal Plants of Brazil interwoven to form five books: I. on Climate; 
II. on Diseases; III. on Animals; IV. on Plants, and V. on Poisons 
and Antidotes. It covers 32% pages. Next comes Marcgrave’s “ Trac- 
tatus Topographicus,” ete., as previously noted, 39 pages in length. 
Next he incorporates Jacob Bont’s “Historie Naturales et Medice 
Indie Orientalis,” 160 pages, and concludes with his own “ Mantissa 
Aromatica,” 66 pages. 

Not only is this not an improvement on the preceding work, but in 
many respects it is distinctly inferior. Marcgrave’s work on the plants 
of Brazil suffers abbreviation and loses its identity in becoming inter- 
woven with Piso’s data from the medical side. The animal section, 
however, suffers most for Piso was even less a zoologist than a botanist. 
It seems that he no longer had access to the original drawings (to be 
described presently) from which the illustrations were prepared for the 
first edition, so his figures were copied from the 1648 edition, or made 
up from the descriptions, or wrongly placed in the text, or omitted 
altogether (Lichtenstein). On the whole this edition adds little or 
nothing to Piso’s reputation. 

It is now necessary to speak of the fourth division of the scientific 
memorabilia of the expedition of Count Maurice to Brazil. In 1786, 
Schneider made known to the world the presence of these priceless 
treasures in the following words. 


I have so often heard of a collection of original paintings of Brazilian 
animals, which Prince Johann Moritz of Nassau, formerly governor of the one 





the animals were kept, and fish ponds full both of salt and fresh water fishes. 
(Nieuhoff.) 
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time Dutch Brazils, had made and had annotated in his own handwriting and 
finally after his return had given to the great Elector of Brandenburg, that I 
was desirous once for all to see these Handschriften. Finally in the early part of 
this year, my wish was realized. I found this collection in the Royal Library 
at Berlin in 2 folio banden of different sizes collected under the title ‘‘Icones 
Rerum Brasiliensium.’’ All the sheets are designated by numbers, however 
without a perfect arrangement having been brought about in the two different 
banden separated the one from the other. .. . By comparing them with (the 
figures in) Marcgrave’s Natural History of Brazil, it is plainly shown that 
Maregrave had all the best painted figures copied as wood cuts in the same size. 
How faithfully? Thereon we have his own word. The added remarks are in 
Dutch and we know certainly by the Prince’s own hand,” and everywhere agree 
with Maregrave’s text. However, they are extremely brief and indicate only the 
sizes and relationships of the animals with one another. The collection itself 
may no longer be complete, at any rate I have in vain sought therein for some 
of Maregrave’s sketches, however there are to be sure some sketches which 
Maregrave did not copy, and some few animals which he did not know. In the 
main I note that on careful comparison this collection explains Marcgrave’s 
text in general. This also can not be in error, since Maregrave has only been 
able to afford woodcuts, and his draughtsman has not seldom copied the original 
figure entirely wrong; in the annotated collection on the contrary all the animals 

have their natural colors whose differentiation so often must give the essential 
’ points of distinction between nearly related species and genera.* 


Next Schneider goes on to express the wish that more authors like 
Bloch might illustrate their books from this magnificent set of paint- 
ings. Bloch not only was acquainted with these drawings but copied a 
large number of them in his “ Auslandische Fische” and in his grand 
“Tchthyologie.” In the preface to volume 6 of this latter work (1788). 
Bloch describes this collection of drawings as made on white parch- 
ment and consisting of two sets. 


The first contains 32 quadrupeds, 87 birds, 9 amphibians, 80 fishes, 31 
insects, some shells and star fishes and one cuttlefish; in all 183 sheets. On each 
is a figure of a fish, bird, quadruped, amphibian, insect or worm. All are very 
beautifully designed and painted in part with very bright and beautiful colors. 
Above the animal one finds the name which it bears in Brazil, and below mention 
is often made in the Dutch language of its size.“ The second part also on white 
parchment ... contains two quadrupeds, 15 birds, 46 amphibians, 45 fishes, 
46 insects and several pages of plants . . . it consists of 114 sheets on which 
one finds the designs mentioned which have been made by the same hand as 
those in the first part. 


That Bloch’s reproduction of these paintings went far to make them 
known to the world is not to be denied, indeed, the present writer first 


* Lichtenstein comments on the characteristic half jocular notes added by 
Count Maurice, of which the following may be quoted. On the sheet containing 
the figure of the ant-eater, Tamandua guacu, the Count has written: ‘‘This is 
the great ant-eater, as large as an otter. He sticks his tongue into a hole, the 
ants sit down on it, and then he draws it into his mouth. The tongue is about 
one half an ell long... . He can not run at all.’’ 

For this transcript I am indebted to the courtesy of Dr. Perlbach, of the 
Royal Library of Berlin. 

See Fig. 3. 
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Fic. 3. PHOTOGRAPH OF THE WATER-COLOR PAINTING OF Narinari. 











came to know of them through the preface to Volume VI. of the 
“Tchthyologie,” but as to the fidelity of the reproduction let Cuvier and 
Valenciennes speak. ; 

Bloch had copied many of these figures in his Ichthyologie, but without 
seeming to doubt that they were designed by the Prince, and what is more 
reprehensible in him, in adding or taking away or changing a great many things 
very arbitrarily.” 

The set of drawings above referred to are in water colors and are 
thus labeled in. the Royal Library of Berlin: “ Brazilianische Natur- 
gegenstinde (Collectiv rerum naturalium Brasilie) in two Banden. 
Libri picturati A. 36. 37.” 

Their authorship and history will be discussed later. Figure three 
is a photograph of the painting in this collection of the spotted sting- 
ray, Narinari. When there is taken into account the fact that this 


* This was probably written by Valenciennes, who made a special trip to 
Berlin in 1826 to inspect these paintings. 
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water-color drawing is about 270 years old, one marvels at its freshness 
and clear-cut outlines. That it is wonderfully accurate, the present 
writer, who has devoted considerable study to this fish, can attest. 

Along with the preceding lot of drawings in the Royal Library of 
Berlin is a large number of oil paintings bearing the following title: 
“Theatrum rerum Naturalium Brasilie. (Icones) in 4 Banden. 
Libri picturati A. 32-35.” The first reference to these in the litera- 
ture is in an anonymous article, in Newe Zeitungen von Gelehrten 
Sachen, Erster Theil, No. 4, 1717, bearing the title “. . . Ausser 
diesen Ost-Indianischen Wercke ist in der Konig]-Bibliotheck auch ein 
West-Indianisches unter folgenden Titel enthalten, Theatrum rerum 
naturalium Brasiliz, imagines, etc.” This author notes that these oil 
paintings are in four baénden and that in the first are 357 fishes, in the 
second 303 birds, in the third 245 “other animals from men to insects,” 
and in the fourth 555 plants, 1,460 in all. He refers to a smaller col- 
lection in water-colors but does not give the number of drawings in it. 

In 1785, Boehmer in his “ Bibliotheca Historie Naturalis,” etc., 
gives a brief abstract of the preceding notice. The next reference is 
even still more obscure. Lichtenstein tells us that in 1811 Illiger 
brought these to the attention of the modern scientific world. Just 
what he did can not be said for in spite of every effort it has been im- 
possible to run down this reference. From this fact we may perhaps 
judge it of little importance. Last of all Lichtenstein (1814-15) 
found them and has described them at length. His paper will be re- 
ferred to later. 

There can be no doubt that all these figures were made in Brazil and 
that Count Maurice brought them back with him in 1644. On his re- 
turn this illustrious man was received in a manner befitting his dis- 
tinguished services to the Dutch people and honor after honor was 
heaped upon him. In 1652 he entered the service of the great Elector 
of Brandenburg, by whom he was raised to the rank of prince. Be- 
tween these two illustrious men a strong friendship arose, which was 
not broken until the death of the prince in 1679 at the age of 76, at 
which time he was governor of Berlin. ; 

The two sets of drawings of Brazilian objects, from the smaller of 
which in the meantime the figures for the Natural History of Brazil 
had been made, were bequeathed by him to the knowledge-fostering 
Elector. By the latter they were placed in the hands of Dr. Christus 
Mentzel, the court physician and great favorite of the Elector, who was 
a skilled linguist, that they might be arranged in order, bound in vol- 
umes and preserved in the library of his capital, Berlin. 

The oil paintings, which were on separate sheets, were collected by 
Dr. Mentzel into 4 volumes now labelled “Libri Picturati A. 32-33- 
34-35,” and the sheets were arranged in logical order and accom- 
panied by the Brazilian names and the references to Marcgrave and 
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Fic. 4. PHOTOGRAPH OF THE OIL PAINTING OF Narinari. 


Piso where a fuller description can be found, also there are references 
to the water-color collection.’ 

For this collection Dr. Mentzel had an illuminated title page 
painted, which is reproduced herein as Fig. 5. It seems that consid- 
erable time was expended in working out a classification of this collec- 
tion, for the title page is dated 1660, the preface 1664. Through the 
courtesy of Dr. Perlbach, of the Royal Library of Berlin, this photo- 
graph of the title page and a copy of Mentzel’s preface have been re- 
ceived. The latter unfortunately gives no additional data. However, 

Science owes him thanks that he, in this fashion when they had almost per- 
ished, preserved the chief memorials of this expedition to Brazil. (Lichtenstein.) 

In this manner was preserved to posterity this invaluable collection 
of paintings. However they remained practically unknown for 150 
years until Lichtenstein in 1814-17 in the Abhandlungen of the Berlin 
Academy made known their great worth. His first paper is preceded 
; by an historical account and a critical discussion of the work of Marc- 
grave and Piso in Brazil which have been a source of inspiration and 
have supplied much data to the present writer. Then he follows with 
a critical discussion of both text and figures in the “ Natural History 
of Brazil.” ; 

The water-color drawings are also preserved in the Royal Library 
of Berlin, but it is not clear just how they came thither. However in 
working out the data found in Driesen, the following interesting facts 





” See Fig. 4, the spotted sting-ray, Narinari, previously described. 
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Fic. 5. PHOTOGRAPH OF DR. MENTZEL’S ILLUMINATED FRONTISPIECE TO THB 


COLLECTION OF OIL PAINTINGS. 


came to light. In 1652 Count Maurice transferred to the Elector of 
Brandenburg for the sum of 50,000 thalers a great collection of Brazil- 
ian ‘curiosities. No money, however, seems to have changed hands, but 
the Elector transferred to the Count as security an extensive piece of 
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property in the city of Cleve. The bill of sale or catalogue of the col- 
lection is dated February 18, 1652, and in it as given by Driesen num- 
ber 14 reads 

A great book in royal folio, and another somewhat smaller, containing 
(figures of) men, four-footed animals, birds, reptiles, fishes, trees, herbs and 
flowers, wherein everything, which was seen and found in Brazil, is. figured in 
miniature cleverly after life, with names, qualities and peculiarities attached 
(in labels). Number 15 contains more than 100 Indian paintings done in oil on 
paper and not thus bound up. 

Driesen notes that of the two banden noted under number 14, the 
first contains 455, the second 488 sheets commonly with but one draw- 
ing, while the inventory says in one place 100, and in another “ several 
hundred.” However, since the total number of drawings in the collec- 
tion to-day aggregates 1,460, Driesen thinks (p. 109) that only a small 
number were acquired by purchase, the great bulk coming to the Elec- 
tor as a gift from Prince Maurice. 

There now presents itself the interesting question as to who made 
these paintings. We learn from Manget that Marcgrave was a skillful 
painter. Marcgrave in his dedication of the “ Historie Rerum Natural- 
ium Brasilie” to Prince Moritz says that he (Marcgrave) made from 
life the figures contained in it. De Laet in his summary of Marc- 
grave’s eight books says that the figures were drawn by the author. 
Comparison of the figures in Marcgrave’s book with the two sets of 
drawings shows conclusively that these were made from the water-color 
paintings. Hence it is a sound conclusion that Marcgrave made the 
water-colors. 

However since these water-color drawings bear notes in. Prince 
Maurice’s own handwriting (Mentzel and others expressly say that the 
Prince made. them), Schneider, Bloch and Swainson think that he 
painted them. Lichtenstein, on the other hand, makes the following 
pertinent suggestion : 

. .. there is ground perhaps to find this meaning therein, that the Prince 
himself, who loved Maregrave very much, has added to this and not to the larger 
(set) remarks in his own handwriting. 

Furthermore to the present writer there seems to be strong grounds 
for thinking that Prince Maurice made some of these drawings him- 
self. Lichtenstein tells us that the prince “with his learned assistants 
studied, described and figured the plants and animals of the country.” 

Comparison of the handwriting on the bottom of the water-color 
drawing of the spotted ray (Fig. 3), with the facsimile of a letter of 
Count Maurice’s inserted in Driesen’s text, leads to the belief that they 
were written by the same hand. 

Lichtenstein, who has gone deeper than any one else into the ques- 
tion of the authorship of these figures, has satisfied himself that Marec- 
grave made the majority of the water-colors. Here follow the five 
points on which he bases his belief: (1) Marcgrave says that he drew 
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them and Barleus confirms this; (2) the characters in which the 
names are written are German rather than Hollandish; (3) in like- 
ness and color they accord closely with Marcgrave’s descriptions; 
(4) the wood cuts in Marcgrave’s text were for the most part made 
from them; (5) no other than Marcgrave could have made them. How- 
ever he further conjectures that since they are smaller and he thinks 
“of less skillful perfection” that they are copies of the oil paintings. 
The two figures of the spotted sting ray previously given are the only 
ones which the present writer has seen, but to him there is no doubt 
that the water-color drawing was made‘ from life if either is a copy it 
is the oil painting, which, however, looks as if it had been made from a 
dead and dried specimen. In the mind of the present writer there is no 
doubt whatever that Marcgrave himself made all or almost all of these 
water-color paintings. 

Not so easily determined is the authorship of the oil paintings, con- 
cerning which Lichtenstein conjectures that they were made by certain 
“nameless artists” who went with Count Maurice to Brazil. Cuvier 
and Valenciennes and Driesen content themselves with saying that they 
were painted by the order of the Count. Piso in the introduction to the 
1658 folio says: 

. . - I have added figures drawn from life by the painter who wandered 
with me through those wilds. 

Hence it seems pretty well established that Count Johann had with 
him another painter besides Marcgrave. 

However, Driesen (1849) very effectually clears up this mystery. 
He says that 

Herr Waagen, Director of the Galleries of Paintings of the Museum of 
Berlin, has ascertained the painter to be Franz Post of Harlem, brother of the 
celebrated architect Peter Post. Dutch authors expressly report that Johann 
Moritz highly prized certain Brazilian landscapes painted on canvas by Franz 
Post and brought back by him from Brazil. : 

Now Peter Post was in Brazil with Count Moritz and was the 
architect of the palace called Freiburg and of the surrounding gardens 
on the island of Antonio Vaez (Nieuhoff). That his brother accom- 
panied him seems very probable. 

Martius (1853-55) arrives at essentially the same conclusion, hav- 
ing probably obtained his data from Driesen. He expressly states that 
this artist came back from Brazil with the count. Further internal 
corroboratory evidence is to be found in this statement from De Laet 
in his “ L’Histoire de Noveau Monde ou Description des Indies Occi- 
dentales” (1640) : 

I have received from a certain young man of our country, rather expert in 


the art of painting, three figures of other fishes which are taken everywhere in 
that sea (Maranham on the northeast coast of Brazil). 


These figures are so nearly identical with the like in Marcgrave’s 
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book that they must have been printed from the same blocks, or that 
both sets of blocks must have been made from the same paintings. It 
is of course possible that this “certain young man” was Marcgrave 
himself. 

These then are the scientific fruits of the life of George Marcgrave. 
Of his “ Progymnastica Mathematica Americana” but a fragment re- 
mains. His splendid “Historie Rerum Naturalium Brasilie” was 
edited by an alien hand. His magnificent natural history drawings, the 
like of which the world had never seen before, were lost to the world for 
150 years. His splendid collections were scattered to the four winds. 
His fate is surely a melancholy one. Cut off at the age of 34 at the 
very zenith of his powers, what a loss to the world. Recall the results 
of his six and one half years in Brazil. What would it have meant to 
science to have had him edit his own MSS., publish his own drawings, 
describe his own collections; in short, to have published his projected 
great “ Natural History of Brazil,” which was intended to embrace the 
inhabitants of the air, the land and the water, and of which but these 
splendid fragments remain, a mighty memorial to his genius. Well 
may Lichtenstein call them a “precious legacy,” and ask if another 
country has ever had in its first exploration such a full and exhaustive 
account of its natural history. To quote further from Lichtenstein: 

These... are... only a small part of what he would have accomplished in 
a longer life, and are an example of the pitiable fate which brought to an early 
end such an able student of science. How many errors, how many empty sur- 
mises, how many useless debates, we would have been spared if Maregrave 
himself had been able to arrange and communicate his observations. 

Had he lived, the present writer believes that our knowledge of the 
natural things of Brazil would have been more advanced in the year 
1650 than it was in the year 1800. 

After escaping the dangers of the deep, the accidents and epidemics 
of the camp and the siege (on two occasions of which he barely escaped 
with his life), after coming safely through the perils of forest and 
flood, of fever and wild beasts and poisonous snakes and cannibal sav- 
ages, this able man came to his death of endemic fever in that pest hole 
of all the ages, the Gold Coast of west Africa. To die, at 34 years, at the 
zenith of his power, to leave unfinished his great work, what a loss to 
the world! Well may Lichtenstin call him one of the great heroes of 
science. 
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THE REAL PROBLEM OF COMMISSION GOVERNMENT 


By OSWALD RYAN 


DEPARTMENT OF AMERICAN HISTORY, HARVARD UNIVERSITY. 


i ee no problem has laid a severer tax on the political genius of 
our people than the perplexing problem of city government every 
student of our political experience knows. Ever since James Bryce 
called attention to “the one conspicuous failure of the American 
people ”’—the failure of the city governments—our publicists and states- 
men have been searching restlessly for the model system of government 
which was to rescue the cities from inefficiency and misrule. Inciden- 
tally, a certain class of politicians has exerted itself with equal vigor 
to render ineffectual the efforts of these workers for a new municipal era. 
To say that the new forms of government which constitute the 
fruits of this reform quest have been complete successes in practical 
operation would be as far from the truth as to say that they have been 
complete failures. Practically all of the new forms of city government 
launched during the past thirty years wrought some sort of improve- 
ment in municipal conditions; but, with one exception, it can not be 
said that any one of them proved so efficient as to give promise of be- 
coming the prevailing municipal system in the United States. Each 
new plan was set in motion amid brilliant prophecies for the future 
city government; but in due time the charm which had brought the 
initial success wore off and the prophecies went unfulfilled. The tale 
was “full of sound and fury, signifying nothing.” 

A striking exception to the usual reform tradition is apparently 
revealed in the story of the commission plan of city government. 
About ten years ago a great tidal wave swept a substantial part of the 
city of Galveston, Texas, into the Gulf of Mexico, and the necessity 
arose for supplanting the notoriously inefficient aldermanic govern- 
ment of that city with a government which should be equal to the task 
of restoration. A plan was devised by which all municipal powers were 
intrusted to a single body of five men, each one of whom was given 
supervision of one of the city’s departments, for the proper management 
of which he was held responsible. The new system, which came to be 
called the “commission plan,” proved unusually efficient and was 
adopted by several other Texas cities. To-day more than a hundred 
cities located in all parts of the country are being admirably governed 
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under this system, which is in-a fair way to becoming the prevailing 
form of municipal government in the United States. 

The story of the commission government was recently made the sub- 
ject of an address in the senate of the United States by a member who 
was convinced that the new system was such an important discovery in 
popular government as to warrant calling the attention of the whole 
nation to it. Well may it be said of this, as of the other new municipal 
systems, that its early story has been “full of sound and fury.” Is it 
also to be a tale “signifying nothing”? Is the dream of a new munici- 
pal era which has been aroused by the wonderful success of this new 
instrument of democracy destined to vanish as the former dreams have 
vanished ? 

Any significant answer must come from an inquiry into the effi- 
ciency of the new system—an effort to find out whether the principles 
underlying the new government are sound in the light of our municipal 
experience. Of course, many people believe that municipal efficiency 
is not to be found in any form of government, that it is the type of men 
in charge of the government and not the form of government that de- 
termines the character of the administration. Excellent administra- 
tion, these people say, has been obtained under a poor system, and poor 
administration under an excellent system; therefore 


For forms of government let fools contest 
What’s best administered is best. 


The protest is itself an admission. If the form is unimportant, why 
such violent opposition to a change in the form? As a matter of fact, 
although the character of the public officials is an essential factor in 
the success or failure of a municipal administration, the type of po- 
litical organization under which the officials work is also important. 
That inefficient officials will fail to give good government, no matter 
how excellent the system under which they work, is plainly borne out 
by American experience; and it is equally apparent that efficient public 
servants will not be able to secure the maximum of efficiency, and, in- 
deed, will be very apt to obtain a minimum of efficiency, if handicapped 
by a system of government which is ill-adapted to the work to be per- 
formed. Moreover, the system exerts an important influence in de- 
termining the character of the men who are attracted to the public 
service. If it is so organized as to discourage the candidature of able 
men, an inferior type of elective official will result, and the subordi- 
nate administrative service will suffer accordingly. The inquiry into 
the efficiency of the commission plan, then, may be resolved into two 
questions: (1) Will the new system serve to attract efficient men into 
the elective offices? (2) Is the new system conducive to the applica- 
tion of approved methods to the public administration? In other words, 
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is it so constructed as to provide for the performance of the actual ad- 
ministrative work by men of technical training and experience? 

That a higher grade of municipal official has been secured under|\ 
commission government is obvious from the higher standard of public | 
service which, even opponents of the new government concede, has ob- \ 
tained under the new plan. It would be difficult to assign any one ' 
cause for this. No doubt the method of electing the commissioners at | 
large, instead of by wards, has been largely responsible; for the munici- 
pal election is thereby made less susceptible to control by the ward boss. 
Thus, under election at large, the political leader who is known and 
recognized by the general electorate has an immeasurable advantage in 
the election over the ward leader who is without support outside the 
confines of his own ward—an advantage which tends to eliminate the 
latter type from the contest. Log-rolling is commonly regarded as the 
pernicious accompaniment of the ward plan of election, but log-rolling 
in itself is a lesser evil than the ward type of municipal candidate: the 
domination of the election by the ward politicians has frequently shut 
out the higher type of political leader from municipal politics. 

However important a factor the general ticket plan of election has 
been in bringing a better grade of men into the city’s service, the con- 
spicuous character of the commissioner’s office has probably been more 
important; for, if the elective officer under the commission plan had 
been wrapped in the same obscurity which gathered around that pro- 
vided by the ordinary American city charter, it is extremely doubtful 
whether the character of the public official would have been perceptibly 
changed. On this point the experience of American cities speaks de- 
cisively. Nothing has been more influential in keeping competent men 
from the public service than the curtailment of the powers of municipal 
officers which took place during the latter half of the last century. In 
some instances these powers were juggled by the state legislature in the 
interests of the dominant party in the state; in others they were distrib- 
uted among a number of newly created officials no one of whom was 
conspicuous for his power to accomplish results in the public service— 
a change which was likewise dictated by party interests. The result 
was the same in either case: whether the powers were usurped by the 
state legislature or divided among numerous municipal officials, the 
individual office became less important and the type of incumbent less 
efficient. Thus, the experience of these years proves that the character 
of a public office rises or declines according as the powers associated 
with it are increased or curtailed. It is this fact which furnishes the 
key to the success of the commission plan of city government. 

In the commission government the public official has not been made 
conspicuous so much because of any cession of power to the municipal- 
ity by the legislature as because of the concentration in a small govern- 
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ing body of the powers already possessed by the municipality, and 
hitherto exercised by a large number of officials. The distinction which 
attaches to the commissioner’s office, together with the consciousness 
that due credit for individual achievement will not be divided among 
a number of officials, gives to the position an attractiveness which is all 
the more effective because allegiance to the ward machine is not neces- 
sary to obtain it. “I should never have presented myself as a candi- 
date for city office under the old government with its divided powers 
and doubtful honors,” declared one of the commissioners of a New 
England city to the. writer. Such men are not anxious to hold office 
where positive achievement is so difficult and credit for whatever is ac- 
complished goes to nobody in particular. 

It must not be inferred from what has been said that the popular 
political leader has been eliminated from municipal government under 
the commission plan. This mistaken inference has been the ground for 
much faulty reasoning about the new system, and has probably done 
more than anything else to obscure the real issue in the movement for 
commission government. Thus honest political leaders and their fol- 
lowers are frequently prejudiced against the new system because of 
their belief that its object is to banish the popular leader from munici- 
pal politics and to substitute for him the so-called “high brow,” or 
“silk stocking,” type. Government by real representatives of the 
people is to be superseded by government by the “ intellectual” mem- 
bers of the community. The same opinion is reflected in comments 
upon those commission government elections in which a popular polit- 
ical leader or ex-official has been successful; the result in nine cases out 
of ten is regarded as a “reaction,” a sign of the decay of a hitherto 
promising new system. 

It can not be too emphatically stated that the assumption of those 


' who believe that commission government means the elimination of the 


popular political leader is as mistaken as their fears are groundless. 


\ Everywhere the elections in commission-governed cities bear testimony 


to the fact that the political leader will be elected under a system of 
universal suffrage regardless of the form of government. The most 
widely known and most successful of the new governments have been 
‘in charge of men of this type. Thus the people of Des Moines, in the 
first election held under the new charter, rejected the slate of the re- 
form element which had been back of the charter movement, and placed 
the new government in charge of popular leaders who had been op- 
posed to the new system. The people of Houston in the last election, 
placed on the commission two popular politicians. A majority of the 
members of the Haverhill commission are political leaders who have 
served under the old government in that city. These cases are suffi- 
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ciently typical. Commission government has drawn its elective officials 


from the class of sympathetic political leadership as well as from the 
“reform” or “intellectual” elements of the community. It would 
perhaps be accurate to say that the new system has generally meant a 
higher grade of politicians in the public service. “All this goes to 
show,” writes a Houston citizen, “that such a thing as lifting munici- 
pal government from the level of politics is an iridescent dream.” Per- 
haps it is best that this should be so; if commission government can 
make the popular leader a careful, responsible supervisor of the city’s 
business, it will do what the aldermanic system has never succeeded in 
doing. 

The logical result of the persistence of this political habit of the 
people to elect the popular political leader to public office has been 
usually the intrusting of the commission governments to men of sound 
but ordinary ability. Here again we encounter the mistaken impres- 
sion which has had wide currency among those interested in the new 
form of government, that the commission governments have been run 
by men of extraordinary personal powers, by experts in administration. 
A review of the personnel of the new governments does not reveal the 
grounds for this assumption. Even the commissions which have had 
the greatest success in administration—for example, Galveston, Hous- 
ton, Des Moines, Cedar Rapids and Haverhill—have not been made up 
of men of unusual attainments. 


An appreciation of the deep-rooted tendency of our voters to place , 


their cities in charge of men of ordinary ability has led some practical 
students of the question to assert that the commission plan is fore- 
ordained to failure because it provides for the popular election of the 


city’s administrative department heads. “The rock upon which Amer- © 


ican cities have split is the popular election of administrative officials,” 
a critic observes. The objection touches on the vital problem of the 
commission government—what the exact function of the elected com- 
missioner should be. But, in the present stage of the development of 
commission government, it is not possible accurately to designate the 
commissioner’s function as uniformly supervisory or administrative. 
In some cities he is in effect an active superintendent devoting his en- 
tire time to the details of his department; in the majority of cases, 
however, he acts in a supervisory rather than administrative capacity, 
and the actual work of the departmerit is carried on by subordinate 
officials of technical training and experience. The varying charter 
provisions, some requiring the commissioner to devote all of his time 
to the work of his office, and others permitting him to devote but a part 
of his time, show plainly that the real nature of the commissioner’s 
function is not yet clear even in the minds of the proponents of the 
new system. . 
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Still it is eminently important to the success of the new system that 
the nature of the commissioner’s function as head of one of the city’s 
administrative divisions should be clearly defined and understood. 
This necessity results from the experience of American cities with the 
problem of administration. The method, prevalent in every American 
state, of selecting municipal administrative and technical officials by 
popular vote, has been a stumbling block in the path of our unfortunate 
cities. The most vicious legacy which Jacksonian Democracy be- 
queathed to American politics, profoundly influencing the political 
ideas and methods of our people during the first half of the last cen- 
tury, was the belief that the selection of administrative officials by ap- 
pointment and for a permanent tenure meant the growth of a class of 
office-holding bureaucrats, and that the democratic doctrine of equal op- 
portunity demanded that all should have a turn or a chance of public 
office. This then novel application of the democratic principle, exem- 
plified in the federal service by the spoils system, led, in the state and lo- 
cal governments, to the popular election for short terms of purely ad- 
ministrative officials. It is a curious fact that the state governments, 
which imitated the federal system in most respects, have always de- 
parted from it in one of its most important features—the centraliza- 
tion of the administrative service in the hands of the chief executive. 

In application this principle did not lead to the expected results. 
Experience proved that to exercise intelligence and discrimination in 
the selection of numerous officials was beyond the power of the voters; 
especially was a wise selection of expert administrative officials im- 
practicable in view of the natural inability of the ordinary voter to 
judge of the technical qualifications of the different candidates for the 
place. The logical result followed: the voter, in his confusion and 
helplessness, came to depend upon the party organization, which now 
assumed jhe selective function supposed to be exercised by the voters— 
an excellent illustration of the soundness of the political maxim that 
a system of government which gives to the voters a power which they 
are not able to exercise takes from them that power. Popular selection 
meant party selection in such a case, and party selection was based 
upon considerations of availability, not of efficiency. The best candidate 
for the office requiring technical skill and training was, from the point 
of view of the politicians, not the man whose experience fitted him for 
the place, but the party worker whose usefulness to the “ Organization ” 
might be conveniently recognized and retained by giving him the office. 
Essentially, the failure of the Jacksonian political builders in thus 
modifying the earlier political system was a failure to distinguish be- 
tween political functions and functions of a purely administrative or 
technical nature: in its willingness to sacrifice efficiency to democracy, 
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the method secured neither ; effective popular control of public officials 
became as impracticable as administrative efficiency. 

The municipal needs of the present day are stronger than ever in 
their demand for a system which will insure administration by experts. 
The increasing social and economic complexity of modern urban life 
has entailed burdens and obligations hitherto unknown to local gov- 
ernment, and if the work cf meeting these needs is not carried on with 
the assistance of permanent experts the cities must fail in their obli- 
gations. At the same time it is plain that government by experts alone 
is undesirable and out of harmony with American political ideas. A 
staff of permanent officials which is out of touch with the electorate 
tends to develop into a professional bureaucracy, tied up with red tape 
and unresponsive to the popular will and needs. It is therefore neces- 
sary that the expert should be under the constant supervision of the 
layman, who will thus form a connecting link between the professional 
staff and the people. In this way the permanent official will be brought 
into contact with the needs of the people, and the people, through their 
elected supervisors, will possess the means of controlling the permanent 
official. As President Lowell, of Harvard, put it at a recent meeting 
of the National Municipal League. 


The current management and, for the most part, the suggestion of improve- 
ments ought to lie with the expert, but he ought to work under the constant 
supervision and control of unprofessional men representing the community at 
large. The expert ought to devote his whole time to the business and receive a 
salary high enough to pay for the whole time of a man with the capacity required. 
The person who oversees him ought to be expected to give far less of his time. 
If he gives much it is because he undertakes to do himself what had better be 
left to experts. ... His duty is not to administer, but to supervise and direct 
the administration. 


It is precisely this adjustment between the professional and lay 
elements in the government which has been responsible for the marked 
success of the English borough governments. As in the commission 
plan the legislative and administrative powers of the English borough 
are vested in the council, which is the sole governing authority. The 
actual work of administration is carried on by a permanent staff of ex- 
perts acting under the supervision and control of standing committees 
of the council. As the commissioner of police overlooks the police de- 
partment in the commission-governed city, so the watch committee 
supervises the. police administration of the English borough. In the 
same manner the library and school boards of American cities have been 
for several years supervising with distinct success the permanent corps 
of experts in charge of the public libraries and schools. Thus we are 
not compelled to subscribe to any new or untried principle in advo- 
cating municipal administration by a permanent staff of experts work- 
ing under the direction of elective laymen. 
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The principle underlying the organization of the commission system 
of city government is clearly in harmony with what American and 
English experience has shown to be the most effective working prin- 
ciple that may be applied to the government of cities in a democracy. 
The commissioner, being an elective official, can not be expected to be 
an expert official. Indeed, experts will never accept an office of such 
uncertain tenure as that subject to the fluctuating influence of politics. 
The commissioner may be an efficient unprofessional, supervisory offi- 
cial, however, acting in the same capacity as the English council com- 
mittee: and in such a capacity he will reach his maximum efficiency. 
Under this clearly defined distribution of functions between the elect- 
ive and the permanent official each official will exercise that kind of 
function for which he is best fitted. This proposition, clearly under- 
stood, settles the crucial point in the problem of commission govern- 
ment. 

If the commissioner’s function is defined as supervisory with respect 
to his relation to the administrative service, the question may arise: 
Will it not now become necessary to have a permanent expert depart- 
ment head working under the supervising commissioner? This ques- 
tion must be decided with reference to the character of the commis- 
sioner’s duties. In the small city, where the affairs of the different 
divisions of the department are left to the charge of the subordinate 
officials, these duties would be comparatively light, and only the gen- 
eral direction of the activities should rest with the commissioner. Under 
such circumstances the commissioner would be able to direct the work 
without the aid of a permanent head. It is probable, on the other hand, 
that the work of directing one of the great departments of the very 
large city would be too onerous and too complex for the layman to dis- 
charge without the aid of a permanent administrative head, in which 
case it would be found necessary to institute the permanent official. 

When it has become definitely understood that the proper func- 
tions of the commission are legislative and supervisory, and not legis- 
lative and administrative, charter framers desiring to construct upon the 
commission model will have a well-understood basis upon which to 
work, and questions which frequently perplex them at the present time 
will take care of themselves. For example, one of the mooted questions 
at present is whether the commissioner would be required to give his 
whole time or only a part of it. If by the charter expected to spend his 
whole time in the public service, obviously he is to become an active 
superintendent, attending to the numerous details of his department, 
so that any other occupation than that of the city would entail negli- 
gence and inefficiency. 

With the development of the commission plan into a more dis- 
tinctly supervisory character, the American people will have worked 
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out a system of city government which does not differ in essential prin- 
ciples from that with which they started out, the council plan. The ma- 
chinery of the commission government is more centralized and more re- 
sponsive, but the relation between the elective official and the permanent 
administrative staff is common to both systems. It is upon these 
principles that the permanent efficiency of the commission government 
must rest, just as it was contempt for these principles that caused the 
failure of the reform municipal systems of the past thirty years. If the 
commission plan conforms strictly to these principles, there is reason 
to believe that it will not become the subject of a tale “full of sound 
and fury, signifying nothing.” 
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GENIUS AND HAIR-COLOR 


Bry CHARLES KASSEL 
FORT WORTH, THXAS 


F the physiognomy of man—so interesting in its every phase—no 
feature can boast a more varied interest than the hair. Remnant 
of the coarse fur which once covered the body of the human animal— 
withdrawn at last, after a losing battle with time, to its invincible re- 
treat and stronghold upon the head—this relic of beast life grew with the 
process of the suns into a thing of use and meaning,—a mark of race, 
an emblem of rank, a symbol of religion, and lastly, but chief of all, 
into an adornment of surpassing beauty affording to Cupid a most 
potent weapon in his merry warfare against the sons and daughters 
of men. 

The place of the hair in the religious life of the race has been 
unique. Among the Greeks and Romans, the hair, worn long until the 
fourteenth year, was then severed from the youth’s head and dedicated 
to a river-god ; and the sailors of both these countries, after a shipwreck 
or other dire calamity at sea, thought it a fitting propitiation of the 
angered deities to remove and cast away the hair. It is highly note- 
worthy that not only in the Roman Catholic and Hindu churches, but 
throughout nearly all the ancient world, the tonsure in one form or 
another was a sacred rite. This was true of the vestal virgins as it has 
been true of the Roman Catholic nuns and monks, and a like custom 
among the Tartars of old survives in the queue of the Chinese. 

As a mark of honor the hair in the old time played no less distinctive 
a part. To the ancient Persians, Goths and Gauls, long, flowing locks 
spoke of high rank, and among the ancient Germans the same adorn- 
ment told of noble or royal birth. Even so lately as the reign of Henry 
VIII. in England long hair was a token of gentility, and readers may 
still recall the love-locks of the cavaliers of Charles I.—an amiable 
vanity which was given short shrift by their Puritan victors. 

Seeing the large place which the hair has filled in the religious and 
social life of the race, it is in no wise remarkable that the fancy of 
mankind should have sought to attach to that feature of the phy- 
siognomy a much deeper meaning. Thus, in all ages, stiff and wiry 
hair has been deemed a sign of dishonesty or low birth, while softly 
clustering curls humanity has ever been prone to associate with gentle- 
ness and innocence. Coarse hair has been looked upon as a sign of a 
coarse organization, but the “ poet’s ringlets” have always formed a 
part of the popular conception of the poetic character. 

In a general way, the well-known facts of ethnology have given a 
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semblance of support to theories of character based upon the color and 
structure of the hair. The characteristics of the hair not only form one 
of the leading tests of nationality, but there is a fairly well-marked 
difference between the hair of the lower and that of the higher races. 
In Huxley’s celebrated classification of mankind, those peoples low in 
the scale of development are marked by black hair, usually straight, 
though sometimes of close spiral form—as, the Australoid, represented 
by the natives of Australia and the indigenous tribes of southern India, 
—the Negroid, dwelling between the Sahara and the Cape,—and the 
Mongoloid, occupying a vast area in Asia. Among the loftier races, on 
the other hand—the Xanthachroic, or fair whites, and Melanchroic, or 
dark whites, in Huxley’s terminology—the former, occupying northern 
Europe as their chief seat though traceable also into northern Africa 
and eastward as far as Hindostan, have hair ranging from straw color 
to chestnut, and the latter, consisting chiefly of the Celts and of the 
populations of southern Europe, though finding representatives as far 
as India, have hair darkening from the middle shades to black; the 
hair of both of these types, however, as is well known, being usually 
wavy or curly. 

In the coarseness of the hair the lower peoples probably betray 
their greater nearness in point of development to the animal ancestor 
of man, since the crown hair of the anthropoid brute—the chimpanzee, 
gorilla, orang-utan and gibbon—is of stiff, bristling structure. Nor 
can we say it is unsafe to infer the condition of man’s progenitor in 
this respect from that of the modern apes, since, aside from all other 
proofs, there is a striking and peculiarly persuasive circumstance which 
shows how much of interest to the evolutionist lies hidden away within 
the cells and pigment-granules of the hair. It is invariably true with 
man, according to writers upon the subject, that if the beard and head 
hair vary in color the former is of lighter shade—a number of authori- 
ties add “ generally reddish ”—and this strange fact is equally true of 
the anthropoid apes, with whom the beard is often white, sometimes 
yellow or reddish; and this analogy with the anthropoids applies not 
only to the lower human races, with whom, as with the apes, the beard 
is scanty—it applies as well to the highest human races, with whom 
fulness of beard is a mark of racial superiority. In color, too, the hair 
of the anthropoid appears to show a kinship with that of the lower 
human tribes. The head hair of the chimpanzee is black, sometimes 
shot through with reddish hairs—that of the gorilla is reddish-brown, 
as a rule, though sometimes dark brown or even black—that of the 
orang is reddish-brown, though sometimes dark, with the beard occa- 
sionally dark yellow—that of the gibbon is usually a glossy black. 
While it is true that the lower races in Huxley’s classification have 
been marked by black hair and that the hair of the apes is as to some 
species dark and as to others reddish, yet it is significant that the differ- 
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ence is no greater, and it is even more significant that among the 
anthropoid brutes no instance of fair head hair is known, just as no 
instance is known of blue or gray eyes. As regards, moreover, the hair 
color of the lower races of man in relation to that of the apes it is well 
to keep in mind the statement of Quatrefages in “' The Human Species ” 
that there are “isolated cases in all races of individuals with hair of 
more or less reddish color.” 

The favorable and unfavorable auguries, however, in which the 
folk-wisdom of mankind has indulged have dealt more in detail than 
science has sanctioned with the characteristics of the hair. Thus, in 
nearly all countries popular superstition has looked askance at red 
hair. Yellow hair, too, has never in the proverbs of nations been 
conspicuously associated with talent or deep character. In the ancient 
tapestries, Judas and Cain are pictured with yellow beards. Fair hair, 
strangely enough, has not figured in popular maxim as the accompani- 
ment of great constancy of purpose. More often to brown or chestnut 
hair has this tribute been paid, and indeed most of the other virtues 
ascribed. Black hair, notwithstanding its association with the lower 
races, has not been deemed an unhappy omen, where fine and abundant, 
though straight, and the lighter shades of red in women—auburn and 
golden—are often, where the hair is soft, linked in folklore with great 
steadiness of purpose and an unfaltering loyalty in love. These general- 
izations, however, it should be said, are made up from a loose article 
upon “Hair” as found in a rather crude “ Encyclopedia of Super- 
stitions and Folklore” printed in three volumes some years ago—no 
really authentic work upon the folklore of physiognomy being pub- 
lished so far as the present writer has been able to ascertain. 

It is of more than passing interest that the facts of criminology 
should afford quite marked support to the view which would look upon 
the hair as an index to racial development. “The proportion of dark- 
haired persons,” says Havelock Ellis, one of our highest authorities, 
in “The Criminal,” “is considerably greater among criminals than 
among the ordinary populations in England, Italy and America,” and 
he adds, “ The beard in criminals is usually scanty. On the head the 
hair is usually, on the contrary, abundant. Marro has observed a con- 
siderable proportion of wooly-haired persons—a character very rarely 
found in normal individuals. The same character has been noted 
among idiots. Among criminal women remarkable abundance of hair 
is frequently noted and it has sometimes formed their most character- 
istic physical feature accompanied by an unusual development of fine 
hair on the face and body.” As to the predominant hair-color among 
criminals authorities do not agree. Even as to the general statement 
that the hair-color of criminals is commonly darker than that of the 
normal man authorities are not altogether in agreement, for Dr. Charles 
E. Woodruff, of the United States Army—himself a painstaking worker 
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in this field—announces it as his opinion, in the Medical Record for 
August 7, 1909, that in America, at least, “ the criminal is more often 
fair than dark.” This but gives point to the observation of Ellis that 
“to the existing statistics of the color of hair among criminals, taken 
as a whole, it is not possible at present to attach much value. There is 
no uniform system of description or nomenclature; it is difficult to 
make full allowance for ethnic divergence and there rarely exists an 
adequate standard of comparison for normal persons of corresponding 
race.” 

It is, however, not in the use of the hair as a social and religious 
symbol, nor in its aspect as a mark of race or token of criminality 
that the inquiry in hand makes its highest appeal. It is in the relation 
of the form and color of the hair to talent and genius that the absorbing 
interest of this subject lies. Is it the light-haired or the dark-haired 
person who is likeliest to display marked power of intellect? Does 
straight or spiral hair point most often to capacity? Do soft and stiff 
hair speak the same or a varying message as to the character and mental 
endowments of the owner ? 

Upon this phase of the subject the decisive testimony must come 
from the pages of biography. Nothing less than a test of the question 
by the facts of life may fairly make a claim upon our time and atten- 
tion. True it is that biographers have not always preserved for us these 
details of physiognomy, nor do biographers of the same individual 
always agree as to the points of figure and feature; yet enough exists 
that is authentic to serve as a basis for a few modest generalizations. 

Seeing the predominance of blue and gray and bluish-gray eyes 
among persons of distinction, as determined in the discussion of 


physiognomy as related to genius in the February issue, 1911, of this ~ 


magazine, it might have seemed just to expect that the hair-color of 
eminent men would be fair. In reality, however, the case is otherwise. 
The hair-color of celebrated personages, in so far as the result of our 
investigation may justify us in speaking, has usually been dark. 

Classified as “dark” we find the hair of Browning, Rufus Choate, 
Alexander Dumas the elder, Wm. Hazlitt (another authority says 
black) Washington Irving (other authorities say “chestnut brown”), 
Landor, Francis Parkman, Rossetti, R. L. Stevenson, Martin Van 
Buren, Tennyson and Mendelssohn, the hair of the last being almost 
black. 

As possessed of black hair we have the names of Matthew Arnold, 
S. T. Coleridge, Stephen A. Douglas, Sir Thomas More (black shot 
with yellow), Wm. Hazlitt (another authority says “dark”), Leigh 
Hunt (shining black), Ibsen, Paul Jones, Charles Lamb, John Mar- 
shall, Washington Alston, Daniel Webster, J. G. Whittier, Sir Arthur 
Sullivan. : 
Given as brown we have the hair of William Cullen Bryant (dark 
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brown), Charles XII. of Sweden (dark brown), Captain Cook (dark 
brown), Cromwell, Defoe (dark brown), Longfellow, Farragut (becom- 
ing in middle life almost black), Dean Farrar (dark brown), Eugene 
Field (cross between brown and dove color!), Gladstone (brown, later 
black), Gordon, U. 8. Grant (reddish brown, though another authority 
says chestnut brown), Keats (gold brown), Sidney Lanier (light 
brown), Napoleon (dark brown), Washington Irving (chestnut), John 
Milton (light brown), Peter the Great (ruddy brown), George Ripley, 
Robespierre, John Ruskin, Shelley, Southey, Charles Sumner (nut 
brown), Bayard Taylor (dark brown), Thoreau, General Thomas (light 
brown), George Washington (light brown) though another authority 
says dark brown), N. P. Willis (light brown). 

} The remainder of the names in our list, aside from the case of 
Thackeray, whose hair is described sometimes as “ white” and some- 
times as “ flaxen,” we have classed as “reddish.” The hair of Bunyan 
is so described, that of Andrew Jackson is described as “ reddish sandy,” 
that of James Russell Lowell as “ruddy” or “ auburn,” that of Swin- 
burne as “red” in his youth, though the information in this last case 
comes from a passing reference in a magazine article and not from an 
authoritative biography. William the Silent is described as having 
auburn hair and Savanarola as having reddish eyelashes, while Thomas 
Hobbes is referred to as having yellowish-reddish whiskers. It will be 
remembered that in an earlier portion of this paper the hair of U. S. 
Grant is given as reddish-brown and that of Peter the Great as ruddy- 
brown. The case of Swinburne is thus the single instance of red hair 
in our lists if our information as to that individual is authentic. As to 
Hobbes it is important to note that the color given refers only to the 
beard which, under the law we have mentioned, must have been lighter 
in color than the head hair, and it is not improbable therefore that the 
hair of Hobbes was dark. 

The absence of yellow from our lists is highly important, seeing 
that flaxen is the leading hair color of the northern races of Europe. 
The hair of Sir Thomas More, as we have seen, was “ black shot with 
yellow,” and as to R. L. Stevenson it is said “ his hair, from being light, 
almost yellow, became after twenty-five dark but not black.” The hair 
of Thackeray, as already mentioned, is spoken of sometimes as “ white ” 
and sometimes as “ flaxen.” These aside, however, we are without the 
name of a single individual whose hair is described unqualifiedly as 
“ yellow,” unless the case of Thackeray be taken as such. 

More interesting, however, than the detail of color is the structure of 
the hair among men of genius. Upon this phase of the subject our 
data lend marked sanction to a popular fancy mentioned in an early 
paragraph of this paper. The “ poet’s ringlets” seem to represent a 
distinct fact in biography. Of the sixty individuals whose hair is 
described in our data the structure of the hair is given as to twenty-six, 
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and of these twenty-two possessed curly or wavy hair. It is an interest- 
ing circumstance that of these twenty-two personages no less than 
nineteen were poets, artists or literary men, namely: Dumas the elder, 
Hazlitt, Leigh Hunt (inclined to wave), Charles Lamb, Washington 
Alston, Tennyson (wavy), Sir Arthur Sullivan (wavy), Mendelssohn 
(very curly), Gladstone, Keats (clustering and curly), Lanier (wavy, 
almost straight), Ruskin, Shelley, Southey, Bayard Taylor, N. P. 
Willis, Chopin, Thackeray. In the entire list of eminent men possess- 
ing curly or wavy hair only General Thomas, Martin Van Buren 
(wavy), Charles George Gordon (crisp and wavy) can not be classed 
as poets, artists or literary men. Hair of marked softness or fulness 
seems likewise a frequent accompaniment of artistic and literary genius. 
Thus the hair of Washington Alston is referred to not only as curly but 
as “ silken,” that of Rossetti as “ silken and abundant,” that of Eugene 
Field as “very fine,” that of Keats as “clustering thickly,” that of 
Lanier as “ soft,” that of Ruskin as “ luxuriant,” and that of Sumner 
as a “rich mass.” The abundant hair of musicians, as observed upon 
the concert platform, will in this connection suggest itself to the reader. 

Those in the list of twenty-six whose hair was straight were Daniel 
Webster, James Russell Lowell, Grieg and Napoleon, and of these the 
hair of Napoleon is spoken of as “ stiff and flat,” that of Andrew Jack- 
son as “ stiff and wiry,” and that of Lowell as “wiry.” We have seen 
that the hair of Lowell was of a very unpoetic color, and that biographer 
who insisted Lowell had not the poet’s nose might have included the hair 
in his remark, alike as to its color and formation. In view of the preju- 
dice in all ages against coarse, bristling hair the personal qualities of 
Napoleon and Andrew Jackson are not unworthy of note in connection 
with the structure of the hair in those cases, and the Indian-like hair 
of Webster, perhaps, we may associate with the coarse strain that 
betrayed itself not infrequently in the character of that distinguished 
personage; but the wiry hair of Lowell is a warning against too hasty 
a generalization, and the straight hair of Grieg may read to us a valu- 
able lesson against carrying too far the notion that wavy hair is the 
unfailing accompaniment of artistic genius. 

In the paper of the present writer upon “ Genius and Stature” in 
the December issue, 1910, of this magazine, the conclusion was reached 
that the stature of genius is in general above the medium, and in the 
discussion of physiognomy and genius, as already mentioned, it was 
determined that the eyes of genius are usually blue or gray or bluish 
gray. Thus far, therefore, genius would seem to abide chiefly with the 
class of humanity called by Huxley the “ Xanthachroic,” with their tall 
stature and blue or gray eyes; but the hair of that type ranges from 
straw-color to chestnut, whereas the hair of genius, as we have seen, is 
in the very large majority of cases dark. Dark hair, it will be recalled, 
is a characteristic of the Melanchroic in Huxley’s classification—who 
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otherwise, however, have no distinct kinship with genius since they are 
low of stature relatively to the fair whites and possess dark eyes. 

Beyond this it may be safe so far to generalize as to declare that 
individuals of artistic or literary genius in general possess wavy or curly 
hair, and that even in the case of genius it is not amiss to look for a 
coarse organization where the hair is coarse and stiff. If, moreover, our 
data may be relied upon, red and yellow hair rarely accompany genius. 

It must be confessed, however, after all is said, that anything beyond 
tentative conclusions seem forbidden by the scantiness of the data 
available upon this subject. The inattention of many biographers to 
the details of personal appearance is a blighting obstacle in inquiries of 
this nature, and, even where present in works of biography, the absence 
of adequate indexes makes the task of gathering this information tedious 
and painful. The fact, moreover, of the predominance of American and 
English names, and the presence of names of merely accidental dis- 
tinction, or of mere eminence instead of genius, hinders the usefulness 
of the average library as an agency for research of this character, and 
the want of authentic data as to the physical traits of the average indi- 
vidual of the several nationalities but adds to the difficulties of the 
investigator. The all-important desideratum, be it said, is a list care- 
fully sifted from the catalogue of the world’s great names, sufficiently 
large and discriminating to reduce to the minimum the proportion of 
names of merely accidental or local note yet gathered by such method as 
. to fairly represent all nationalities. This supplied and the worker fur- 
nished as to each nationality with reliable data respecting the details of 
stature and physiognomy of the average individual, research of truly 
scientific character would be possible. No better list of names, perhaps, 
could be desired, as a starting point for research, than the thousand 
names submitted by Professor Cattell in THE PopuLar ScIENCE 
Montuty for February, 1903, as representing the world’s most famous 
persons, carefully gathered as that list was from the biographical 
encyclopedias of America and Europe, though even as to this list of 
names the distinction between men of mere eminence and men of true 
genius would need to be constantly kept in mind. Nothing short, 
however, of investigation based upon such a catalogue of names—an 
investigation, it is plain, which only the amplest library facilities would 
permit—could be productive of results that might be regarded as final. 

In the meanwhile the importance of the subject itself is not to be 
belittled. As said by Professor Cattell at the outset of the article we 
have mentioned, “ It is now time that great men should be studied as a 
part of social evolution and by methods of exact and statistical science.” 
This is being done as regards the criminal, and assuredly genius has no 
less a claim upon the time and talents of our workers. 


















THE NATURE OF HUNGER 


A CONSIDERATION OF THE NATURE OF HUNGER?‘ 


By Proressor W. B. CANNON 


LABORATORY OF PHYSIOLOGY IN TEE HARVARD MEDICAL SCHOOL 


a HY do we eat?” This question, presented to a group of 

educated people, is likely to bring forth the answer, “ We 
eat to compensate for body waste, or to supply the body with fuel for 
its labors.” Although the body is in fact losing weight continuously 
and drawing continuously on its store of energy, and although the body 
must periodically be supplied with fresh material and energy in order 
to keep a more or less even balance between the income and the outgo, 
this maintenance of weight and strength is not the motive for taking 
food. 

Primitive man, and the lower animals, may be regarded as quite 
unacquainted with notions of the equilibrium of matter and energy in 
the body, and yet they take food and have an efficient existence, in spite 
of this ignorance. In nature, generally, important processes, such as 
the preservation of the individual and the continuance of the race, are 
not left to be determined by intellectual considerations, but are pro-~ 
vided for in automatic devices. Natural desires and impulses arise in 
consciousness, driving us to action; and only by analysis do we learn 
their origin or divine their significance. Thus our primary reasons for 
eating are to be found, not in convictions about metabolism, but in the 
experiences of appetite and hunger. 


APPETITE AND HUNGER 


The sensations of appetite and hunger are so complex and so inti- 
mately interrelated that any discussion is sure to go astray unless at 
the start there is clear understanding of the meanings of the terms. 
The view has been propounded that appetite is the first degree of 
hunger, the mild and pleasant stage, agreeable in character; and that 
hunger itself is a more advanced condition, disagreeable and even pain- 
ful—the unpleasant result of not satisfying the appetite. On this 

+ Presented to the Harvey Society, New York City, December 16, 1911. The 
results here stated were published in the American Journal of Physiology, 1912, 
XXIX., pp. 41-454. 

* Bardier, Richet’s ‘‘Dictionnaire de Physiologie,’’ article ‘‘Faim,’’ 1904, 


VI., p. 1. See, also, Howell, ‘‘ Text-book of Physiology,’’ fourth edition, Phila- 
delphia and London, 1911, p. 285. 
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basis appetite and hunger would differ only quantitatively. Another 
view, which seems more justifiable, is that the two experiences are fun- 
damentally different. 

Careful observation indicates that appetite is related to previous sen- 
sations of taste and smell of food. Delightful or disgusting tastes and 
odors, associated with this or that edible substance, determine the appe- 
tite. It has therefore important psychic elements in its composition, 
as the studies by Pawlow and his collaborators have so clearly shown. 
Thus, by taking thought, we can anticipate the odor of a delicious beef- 
steak or the taste of peaches and cream, and in that imagination we can 
find pleasure. In the realization, direct effects in the senses of taste 
and smell give still further delight. We now know from observations 
on experimental animals and on human beings, that the pleasures of 
both anticipation and realization, by stimulating the flow of saliva and 
gastric juice, play a highly significant réle in the initiation of digestive 
processes.® 

Among prosperous people, supplied with abundance of food, the 
appetite seems sufficient to ensure for bodily needs a proper supply of 
nutriment. We eat because dinner is announced, because by eating we 
avoid unpleasant consequences, and because food is placed before us in 
delectable form and with tempting tastes and odors. Under less easy 
circumstances, however, the body needs are supplied through the much 
stronger and more insistent demands of hunger. 

The sensation of hunger is difficult to describe, but almost every 
one from childhood has felt at times that dull ache or gnawing pain 
referred to the lower mid-chest region and the epigastrium, which may 
take imperious control of human actions. As Sternberg has pointed 
out, hunger may be sufficiently insistent to force the taking of food 
which is so distasteful that it not only fails to rouse appetite, but may 
even produce nausea. The hungry being gulps his food with a rush. 
The pleasures of appetite are not for him—he wants quantity rather 
than quality, and he wants it at once. 

Hunger and appetite are, therefore, widely different—in physiolog- 
ical basis, in localization and in psychic elements. Hunger may be 
satisfied while the appetite still calls. Who is still hungry when the 
tempting dessert is served, and yet are there any who refuse it, pleading 
they no longer need it? On the other hand, appetite may be in abey- 
ance while hunger is goading.* What ravenous boy is critical of his 
food? Do we not all know that “ hunger is the best sauce”? Although 
the two sensations may thus exist separately, they, nevertheless, have 


* Pawlow, ‘‘The Work of the Digestive Glands,’’ London, 1902, pp. 50, 71. 

*See Sternberg, Zentralblatt fiir Physiologie, 1909, XXII., p. 653. Similar 
views were expressed by Bayle in a thesis presented to the Faculty of Medicine 
in Paris in 1816. 
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the same function of leading to the intake of food, and they usually 
appear together. Indeed the cooperation of hunger and appetite is 
probably the reason for their being so frequently confused. 


THE SENSATION OF HUNGER 


In the present paper we shall deal only with hunger. The sensa- 
tion may be described as having a central core and certain more or less 
variable accessories. The peculiar dull ache of hungriness, referred to 
the epigastrium, is usually the organism’s first strong demand for food ; 
and when the initial order is not obeyed, the sensation is likely to grow 
into a highly uncomfortable pang or gnawing, less definitely localized 
as it becomes more intense. ‘This may be regarded as the essential 
feature of hunger. Besides the dull ache, however, lassitude and 
drowsiness may appear, or faintness, or violent headache, or irritability 
and restlessness such that continuous effort in ordinary affairs becomes 
increasingly difficult. That these states differ much with individuals 
—headache in one, and faintness in another, for example—indicates 
that they do not constitute the central fact of hunger, but are more or 
less inconstant accompaniments, and need not for the present engage 
our attention. The “ feeling of emptiness,” which has been mentioned 
as an important element of the experience,® is an inference rather than 
a distinct datum of consciousness, and can likewise be eliminated from 
further consideration. The dull pressing sensation is left, therefore, 
as the constant characteristic, the central fact, to be examined in detail. 

Hunger can evidently be regarded from the psychological point of 
view, and discussed solely on the basis of introspection; or it can be 
studied with reference to its antecedents and to the physiological con- 
ditions which accompany it—a consideration which requires the use of 
both objective methods and subjective observation. This psychophysi- 
ological treatment of the subject will be deferred till the last. Certain 
theories which have been advanced with regard to hunger and which 
have been given more or less credit must first be examined. 

Two main theories have been advocated. The first is supported by 
evidence that hunger is a general sensation, arising at no special region 
of the body, but having a local reference. This theory has been more 
widely credited by physiologists and psychologists than the other. The 
other is supported by evidence that hunger has a local source and 
therefore a local reference. In the course of our examination of these 
views we shall have opportunity to consider some pertinent new 
observations. 


* See Hertz, ‘‘The Sensibility of the Alimentary Canal,’’ London, 1911, p. 38. 
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THE THEORY THAT HUNGER IS A GENERAL SENSATION 


The conception that hunger arises from a general condition of the 
body rests in turn on the notion that, as the body uses up material, the 
blood becomes impoverished. Schiff advocated this notion, and sug- 
gested that poverty of the blood in food substance affects the tissues in 
such manner that they demand a new supply. The nerve cells of the 
brain share in this general shortage of provisions, and because of in- 
ternal changes, give rise to the sensation. Thus is hunger explained 
as an experience dependent on the body as a whole. 

Three classes of evidence are cited in support of this view. 

1. “ Hunger Increases as Time Passes”—a Partial Statement.— 
The development of hunger as time passes is a common observation 
which quite accords with the assumption that the condition of the body 
and the state of the blood are becoming constantly worse, so long as 
the need, once established, is not satisfied. 

While it is true that with the lapse of time hunger increases as the 
supply of body nutriment decreases, this concomitance is not proof that 
the sensation arises directly from a serious encroachment on the store 
of food materials. If this argument were valid we should expect — 
hunger to become more and more distressing until death. There is 
abundant evidence that the sensation is not thus intensified; on the 
contrary, during continued fasting hunger wholly disappears after the 
first few days. Luciani, who carefully recorded the experience of the 
faster Succi, states that after a certain time the hunger feelings vanish 
and do not return.?. And he tells of two dogs that showed no signs of 
hunger after the third or fourth day of fasting; thereafter they re- 
mained quite passive in the presence of food. Tigerstedt, who also has 
studied the metabolism of starvation, declares that although the desire 
to.eat is very great during the first day of the ordeal, the unpleasant 
sensations disappear early, and that at the end of the fast the subject 
may have to force himself to take nourishment.* The subject, “J. A.,” 
studied by Tigerstedt and his co-workers, reported that after the fourth 
day of fasting, he had no disagreeable feelings.? Carrington, after 
examining many persons who, to better their health, abstained from 
eating for different periods, records that “ habit-hunger ” usually lasts 
only two or three days and, if plenty of water is drunk, does not last 
longer than three days.’° Viterbi, a Corsican lawyer, condemned to 
death for political causes, determined to escape execution by depriving 


* Schiff, ‘‘ Physiologie de la digestion,’’ Florence and Turin, 1867, p. 40. 

* Luciani, ‘‘Das Hungern,’’ Hamburg and Leipzig, 1890, p. 113. 

* Tigerstedt, Nagel’s ‘‘ Handbuch der Physiologie,’’ Berlin, 1909, I., p. 376. 

* Johanson, Landergren, Sonden and Tigerstedt, Skandinavisches Archiv 
fiir Physiologie, 1897, VILI., p. 33. 

* Carrington, ‘‘ Vitality, Fasting and Nutrition,’’ New York, 1908, p. 555. 
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his body of food and drink. During the eighteen days that he lived 
he kept careful notes. On the third day the sensation of hunger de- 
parted, and although thereafter thirst came and went, hunger never 
returned. Still further evidence of the same character could be cited, 
but enough has already been given to show that after the first few days 
of fasting the hunger feelings cease. On the theory that hunger is a 
manifestation of bodily need, are we to suppose that, in the course of 
starvation, the body is mysteriously not in need after the third day, 
and that therefore the sensation of hunger disappears? The absurdity 
of such a view is obvious. 

2. “ Hunger may be Felt though the Stomach be Full ”—a Selected 
Alternative-—Instances of duodenal fistula in man have been carefully 
studied, which have shown that a modified sensation of hunger may be 
felt when the stomach is full. A famous case described by Busch has 
been repeatedly used as evidence. His patient, who lost nutriment 
through the fistula, was hungry soon after eating, and felt satisfied 
only when the chyme was restored to the intestine through the distal 
fistulous opening.’ As food is absorbed mainly through the intestinal 
wall, the inference is direct that the general bodily state, and not the 
local conditions of the alimentary canal, must account for the patient’s 
feelings. 

A full consideration of the evidence from cases of duodenal fistula 
can not so effectively be presented now as later. That in Busch’s case 
hunger disappeared while food was being taken is, as we shall see, quite 
significant. It may be that the restoration of chyme to the intestine 
quieted hunger, not because nutriment was thus introduced into the 
body, but because the presence of material altered the nature of intes- 
tinal activity. The basis for this suggestion will be given in due course. 

3. “Animals may Eat Eagerly after Section of their Vagus and 
Splanchnic Nerves”—a Fallacious Argument.—The third support for 
the view that hunger has a general origin in the body is derived from 
observations on experimental animals. By severance of the vagus and 
splanchnic nerves, the lower cesophagus, the stomach and the small 
intestine can be wholly separated from the central nervous system. 
Animals thus operated upon nevertheless eat food placed before them, 
and may indeed manifest some eagerness for it.1* How is this behavior 
to be accounted for—when the possibility of local stimulation has been 
eliminated—save by assuming a central origin of the impulse to eat? 

The fallacy of this evidence, though repeatedly overlooked, is easily 


Viterbi, quoted by Bardier, loc. cit., p. 7. 

“Busch, Archiv fiir pathologische Anatomie und Physiologie und fiir 
Klinische Medicin, 1858, XIV., p. 147. 

*See Schiff, loc. cit., p. 37; also Ducceschi, Archivio di fisiologia, 1910, 
VIII., p. 579. 
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shown. We have already seen that appetite as well as hunger may lead 
to the taking of food. Indeed, the animal with all gastrointestinal 
nerves cut may have the same incentive to eat that a well-fed man may 
have, who delights in the pleasurable taste and smell of food and knows 
nothing of hunger pangs. Even when the nerves of taste are cut, as in 
Longet’s experiments,’* sensations of smell are still possible, as well as 
agreeable associations which can be roused by sight. More than fifty 
years ago Ludwig pointed out that, even if all the nerves were severed, 
psychic reasons could be given for the taking of food,’® and yet because 
animals eat after one or another set of nerves is eliminated, the conclu- 
sion has been drawn by various writers that the nerves in question are 
thereby proved to be not concerned in the sensation of hunger. KEyvi- 
dently, since hunger is not required for eating, the fact that an animal 
eats is no testimony whatever that the animal is hungry, and therefore, 
after nerves have been severed, is no proof that hunger is of central 
origin. 

Weakness of the Assumptions Underlying the Theory that Hunger 
is a General Sensation—The evidence thus far examined has been 
shown to afford only shaky support for the theory that hunger is a 
general sensation. The theory, furthermore, is weak in its funda- 
mental assumptions. There is no cledr indication, for example, that 
the blood undergoes, or has undergone, any marked change, chemical 
or physical, when the first stages of hunger appear. There is no evi- 
dence of any direct chemical stimulation of the gray matter of the 
cerebral cortex. Indeed, attempts to excite the gray matter artificially 
by chemical agents have been without results;1* and even electrical 
stimulation, which is effective, must, in order to produce movements, 
be so powerful that the movements have been attributed to excitation 
of underlying white matter rather than cells in the gray. This insensi- 
tivity of cortical cells to direct stimulation is not at all favorable to the 
notion that they are sentinels set to warn against too great diminution 
of bodily supplies. 

Body Need may Exist without Hunger—Still further evidence 
opposed to the theory that hunger results directly from the using up 
of organic stores is found in patients suffering from fever. Metabolism 
in fever patients is augmented, body substance is destroyed to such a 
degree that the weight of the patient may be greatly reduced, and yet 
the sensation of hunger under these conditions of increased need is 
wholly lacking. 

Again, if a person is hungry and takes food, the sensation is sup- 

“ Longet, ‘‘Traité de physiologie,’’ Paris, 1868, I., p. 23. 


* Ludwig, ‘‘Lehrbuch der Physiologie des Menschen,’’ Leipzig and Heidel- 
berg, 1858, II., p. 584. 


* Maxwell, Journal of Biological Chemistry, 1906-7, II., p. 194. 
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pressed soon afterwards, long before any considerable amount of nutri- 
ment could be digested and absorbed, and therefore long before the 

blood and the general bodily condition, if previously altered, could be 

restored to normal. 

Furthermore, persons exposed to privation have testified that hunger 
can be temporarily suppressed by swallowing indigestible materials. 
Certainly scraps of leather and bits of moss, not to mention clay eaten 
by the Otomacs, would not materially compensate for large organic 
losses. In rebuttal to this argument the comment has been made that 
central states as a rule can be readily overwhelmed by peripheral stim- 
ulation, and just as sleep, for example, can be abolished by bathing the 
temples, so hunger can be abolished by irritating the gastric walls.’ 
That comment is beside the point, for it meets the issue by merely 
assuming as true the condition under discussion. The absence of 
hunger during the ravages of fever, and its quick abolition after food 
or even indigestible stuff is swallowed, still further weakens the argu- 
ment, therefore, that the sensation arises directly from lack of nutri- 
ment in the body. 

The Theory that Hunger is of General Origin does not Explain the 
Quick Onset and the Periodicity of the Sensation.—Many persons have 
noted that hunger has a sharp onset. A person may be tramping in the 
woods or working in the fields, where fixed attention is not demanded, 
and without premonition may feel the abrupt arrival of the character- 
istic ache. The expression “ grub-struck” is a picturesque description 
of this experience. If this sudden arrival of the sensation corresponds 
to the general bodily state, the change in the general bodily state must 
occur with like suddenness or have a critical point at which the sensa- 
tion is instantly precipitated. There is no evidence whatever that 
either of these conditions occurs in the course of metabolism. 

Another peculiarity of hunger, which I have noticed in my own 
person, is its intermittancy. It may come and go several times in the 
course of a few hours. Furthermore, while the sensation is prevailing, 
its intensity is not uniform, but marked by ups and downs. In some 
instances the ups and downs change to a periodic presence and absence 
without change of rate. In making the above statements I do not de- 
pend on my own introspection alone; psychologists trained in this 
method of observation have reported that in their experience the tem- 
poral course of the sensation is distinctly intermittent.1* In my own 
experience the hunger pangs came and went on one occasion as follows: 

™ See Schiff, loc. cit., p. 49. 


*I am indebted to Professor J. W. Baird, of Clark University, and his 
collaborators, for this corroborative testimony. j 
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Came Went Came Went 
12-37-20 38-30 43-20 43-35 
40-45 41-10 44-40 45-55 
41-45 42-25 46-15 46-30 


and so on, for ten minutes longer. Again in this relation, the inter- 
mittent and periodic character of hunger would require, on the theory 
under examination, that the bodily supplies be intermittently and 
periodically insufficient. During one moment the absence of hunger 
would imply an abundance of nutriment in the organism, ten seconds 
later the presence of hunger would imply that the stores had been 
suddenly reduced, ten seconds later still the absence of hunger would 
imply a sudden renewal of plenty. Such zig-zag shifts of the general 
bodily state may not be impossible, but from all that is known of the 
course of metabolism, such quick changes are highly improbable. The 
periodicity of hunger, therefore, is further evidence against the theory 
that the sensation has a general basis in the body. 

The Theory that Hunger is of General Origin does not Explain the 
Local Reference.—The last objection to this theory is that it does not 
account for the most common feature of hunger—namely, the reference 
of the sensation to the region of the stomach. Schiff and others who 
have supported the theory’® have met this objection by two contentions. 
First they have pointed out that the sensation is not always referred to 
the stomach. Schiff interrogated ignorant soldiers regarding the local 
reference ; several indicated the neck or chest, twenty-three the sternum, 
four were uncertain of any region, and two only designated the stomach. 
In other words, the stomach region was most rarely mentioned. 

The second contention against the importance of local reference is 
that such evidence is fallacious. An armless man may feel tinglings 
which seem to arise in fingers which have long since ceased to be a 
portion of his body. The fact that he experiences such tinglings and 
ascribes them to dissevered parts, does not prove that the sensation 
originates in those parts. And-similarly the assignment of the ache of 
hunger to any special region of the body does not demonstrate that the 
ache arises from that region. Such are the arguments against a local 
origin of hunger. 

Concerning these arguments we may recall, first, Schiffs admission 
that the soldiers he questioned were too few to give conclusive evidence. 
Further, the testimony of most of them that hunger seemed to originate 
in the chest or region of the sternum can not be claimed as unfavorable 
to a peripheral source of the sensation. The description of feelings 
which develop from disturbances within the body is almost always 
indefinite. As Head and others have shown, conditions in a viscus 
which give rise to sensation are likely not to be attributed to the viscus, 


* See Schiff, loc. cit., p. 31; Bardier, loc. cit., p. 16. 
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but to related skin areas.2° Under such circumstances we do not dis- 
miss the testimony as worthless merely because it may not point pre- 
cisely to the source of the trouble. On the contrary, we use such 
testimony constantly as a basis for judging internal disorders. 

With regard to the contention that reference to the periphery is 
not proof of the peripheral origin of a sensation, we may answer that 
the force of that contention depends on the amount of accessory evi- 
dence which is available. Thus if we see an object come into contact 
with a finger, we are justified in assuming that the simultaneous sensa- 
tion of touch which we refer to that finger has resulted from the con- 
tact, and is not a purely central experience accidentally attributed to 
an outlying member. Similarly in the case of hunger—all that we 
need as support for the peripheral reference of the sensation is proof 
that conditions occur there, simultaneously with hunger pangs, which 
might reasonably be regarded as giving rise to those pangs. 


OBJECTIONS TO SOME THEORIES THAT HUNGER Is OF LOCAL ORIGIN 


With the requirement in mind that peripheral conditions be ade- 
quate, let us examine the state of the fasting stomach to see whether 
indeed conditions may be present in times of hunger which would sus- 
tain the theory that hunger has a local outlying source. 

Hunger not Due to Emptiness of the Stomach.—Among the sug- 
gestions which have been offered to account for a peripheral origin of 
the sensation is that of attributing it to emptiness of the stomach. By 
use of the stomach tube Nicolai found that when his subjects had their 
first intimation of hunger the stomach was quite empty. But, in other 
instances, after lavage of the stomach, the sensation did not appear for 
intervals varying between one and a half and three and a half hours.”* 
During these intervals the stomach must have been empty, and yet 
no sensation was experienced. The same testimony was given long 
before by Beaumont, who, from his observations on Alexis St. Martin, 
declared that hunger arises some time after the stomach is normally 
evacuated.” Mere emptiness of the organ, therefore, does not explain 
the phenomenon. 

Hunger not Due to Hydrochloric Acid in the Empty Stomach.—A 
second theory, apparently suggested by observations on cases of hyper- 
acidity, is that the ache or pang is due to hydrochloric acid secreted 
into the stomach while empty. Again the facts are hostile. Nicolai 
reported that the gastric wash-water from his hungry subjects was 
neutral or only slightly acid.2* This testimony confirms Beaumont’s 

» Head, Brain, 1893, XVI., p. 1; 1901, XXIV., p. 345. 

* Nicolai, ‘‘Ueber die Entstehung des Hungergefiihls,’’ Inaugural-Disserta- 
tion, Berlin, 1892, p. 17. 

* Beaumont, ‘‘The Physiology of Digestion,’’ second edition, Burlington, 


1847, p. 51. 
*% Nicolai, loc. cit., p. 15. 
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statement, and is in complete agreement with the results of gastric 
examination of fasting animals reported by numerous experimenters. 
There is no secretion into the empty stomach during the first days of 
starvation. Furthermore, persons suffering from absence of hydro- 
chloric acid (achylia gastrica) declare that they have normal feelings 
of hunger. Hydrochloric acid can not therefore be called upon to 
account for the sensation. 

Hunger not Due to Turgescence of the Gastric Mucosa.—Another 
theory, which was first advanced by Beaumont, is that hunger arises 
from turgescence of the gastric glands.2* The disappearance of the 
pangs as fasting continues has been accounted for by supposing that the 
gastric glands share in the general depletion of the body, and that thus 
the turgescence is relieved.2> This turgescence theory has commended 
itself to several recent writers. Thus Luciani has accepted it, and by 
adding the idea that nerves distributed to the mucosa are specially 
sensitive to deprivatign of food he accounts for the hunger pangs.?* 
Also Valenti declared two years ago that the turgescence theory of 
Beaumont is the only one with a semblance of truth in it.2” The 
experimental work reported by these two investigators, however, does 
not necessarily sustain the turgescence theory. Luciani severed the 
previously exposed vagi after cocainizing them, and Valenti merely 
cocainized the nerves; the fasting dogs, eager to eat a few minutes 
previous to this operation, now ran about as before, but when offered 
food, licked and smelled it, but did not take it. This total neglect of 
the. food lasted varying periods up to two hours. The vagus nerves 
seem, indeed, to convey impulses which affect the procedure of eating, 
but there is no clear evidence that those impulses arise from distention 
of the gland cells. The turgescence theory, moreover, does not explain 
the effect of taking indigestible material into the stomach. According 
to Pawlow, and to others who have observed human beings, the chewing 
and swallowing of unappetizing stuff does not cause any secretion of 
gastric juice.** Yet such stuff when swallowed will cause the disap- 
pearance of hunger, and Nicolai found that the sensation could be 
abolished by simply introducing a stomach sound. It is highly improb- 
able that the turgescence of the gastric glands can be reduced by either 


* Beaumont, loc. cit., p. 55. 

* A better explanation perhaps is afforded by Boldireff’s discovery that at 
the end of two or three days the stomachs of fasting dogs begin to secrete 
gastric juice and continue the secretion indefinitely. (Boldireff, Archives 
biologiques de St. Petersburg, 1905, XI., p. 98.) 

* Luciani, Archivio di fisiologia, 1906, III., p. 54. Tiedemann long ago 
suggested that gastric nerves become increasingly sensitive as fasting progresses. 
(‘Physiologie des Menschen,’’ Darmstadt, 1836, III., p. 22.) 

* Valenti, Archives italiennes de biologie, 1910, LIIL., p. 94. 


* Pawlow, loc. cit., p. 70; Hornborg, Skandinavisches Archiv fiir Physiologie, 
1904, XV., p. 248. 
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of these procedures. The turgescence theory, furthermore, does not 
explain the quick onset of hunger, or its intermittent and periodic 
character. That the cells are repeatedly swollen and contracted within 
periods a few seconds in duration is almost inconceivable. For these 
reasons, therefore, the theory that hunger results from turgescence of 
the gastric mucosa can reasonably be rejected. 


HUNGER THE RESULT OF CONTRACTIONS 


There remain to be considered, as a possible cause of hunger-pangs, 
contractions of the stomach and other parts of the alimentary canal. 
This suggestion is not new. Sixty-six years ago Weber declared his 
belief that “strong contraction of the muscle fibers of the wholly empty 
stomach, whereby its cavity disappears, makes a part of the sensation 
which we call hunger.”*° Vierordt drew the same inference twenty- 
five years later (in 1871),*° and since then Ewald, Knapp, and Hertz 
have declared their adherence to this view. These writers have not 
brought forward any direct evidence for their conclusion, though Hertz 
has cited Boldireff’s observations on fasting dogs as probably account- 
ing for what he terms “ the gastric constituent of the sensation.” ** 

The Empty Stomach and Intestine Contract—The argument com- 
monly used against the gastric contraction theory is that the stomach 
is not energetically active when empty. Thus Schiff stated “the move- 
ments of the empty stomach are rare and much less energetic than dur- 
ing digestion.” *? Luciani expressed his disbelief by asserting that 
gastric movements are much more active during gastric digestion than 
at other times, and cease almost entirely when the stomach has dis- 
charged its contents.** And Valenti stated only year before last “we 
know very well that gastric movements are exaggerated while digestion 
is proceeding in the stomach, but when the organ is empty they are 
more rare and much less pronounced,” and therefore they can not ac- 
count for hunger.** 

Evidence opposed to these suppositions has been in existence for 
many years. In 1899, Bettmann called attention to the contracted con- 
dition of the stomach after several days’ fast.** In 1902, Wolff reported 
that after forty-eight hours without food the stomach of the cat may be 
so small as to look like a slightly enlarged duodenum.®* In a similar 
circumstance I have noticed the same extraordinary smallness of the 
organ, especially in the pyloric half. The anatomist’ His also recorded 

* Weber, Wagner’s ‘‘ Handwérterbuch der Physiologie,’’ 1846, IIT*., p. 580. 

* Vierordt, ‘‘Grundriss der Physiologie,’’ Tiibingen, 1871, p. 433. 

* Knapp, American Medicine, 1905, X., p. 358; Hertz, loc. cit., p. 37. 

® Schiff, loc. cit., p. 33. 

* Luciani, loc. cit., p. 542. 

* Valenti, loc. cit., p. 95. 


5 Bettmann, Philadelphia Monthly Medical Journal, 1899, I., p. 133. 
* Wolff, Dissertation, Giessen, 1902, p. 9. 
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his observation of the phenomenon.** Six years ago Boldireff demon- 
strated that the whole gastro-intestinal tract has a periodic activity 
while not digesting.** Each period of activity lasts from 20 to 30 
minutes, and is characterized in the stomach by rhythmic contractions 
10 to 20 in number. These contractions, Boldireff reports, may be 
stronger than during digestion, and his published records clearly sup- 
port this statement. The intervals of repose between periodic recur- 
rences of the contractions lasted from one and a half to two and a half 
hours. Especially noteworthy is Boldireff’s observation that if fasting 
is continued for two or three days, the groups of contractions appear 
at gradually longer intervals and last for gradually shorter periods, 
and thereupon, as the gastric glands begin continuous secretion, all 
movements cease. 

Observations Suggesting a Relation Between Contractions and 
Hunger.—When Boldireff’s paper was published I was studying auscul- 
tation of abdominal sounds. Repeatedly there was occasion to note that 
the sensation of hunger was, as already stated, not constant, but recur- 
rent, and that its momentary disappearance was often associated with 
a rather loud gurgling sound, as heard through the stethoscope. That 
contractions of the alimentary canal on a gaseous content might ex- 
plain the hunger pangs seemed probable at that time, especially in the 
light of Boldireff’s observations. Indeed, Boldireff himself had con- 
sidered hunger in relation to the activities he described, but solely with 
the idea that hunger might provoke them; and since the activities 
dwindled in force and frequency as time passed, whereas, in his belief 
they should have become more pronounced, he abandoned the notion of 
any relation between the phenomena.*®® Did not Boldireff misinterpret 
his own observations? When he was considering whether hunger might 
cause the contractions, did he not overlook the possibility that the con- 
tractions might cause hunger? A number of experiences have led to 
the conviction that Boldireff did, indeed, fail to perceive part of the 
significance of his results. For example, I have noticed the disappearance 
of a hunger pang as gas was heard gurgling upward through the cardia. 
That the gas was rising rather than being forced downward was proved 
by its regurgitation immediately after the sound was heard. In all 
probability the pressure that forced the gas from the stomach was the 
cause of the preceding sensation of hunger. Again the sensation can 
be momentarily abolished a few seconds after swallowing a small ac- 
cumulation of saliva or a teaspoonful of water. If the stomach is in 
strong contraction in hunger, this result can be accounted for as due to 
the inhibition of the contraction by swallowing.*° Thus also could be 

* His, Archiv fiir Anatomie, 1903, p. 345. 

* Boldireff, loc. cit., p. 1. 

*® Boldireff, loc. cit., p. 96. 

“See Cannon and Lieb, American Journal of Physiology, 1911, XXIX., 
p. 267. 
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explained the prompt vanishing of the ache soon after we begin to eat, 
for repeated swallowing results in continued inhibition.‘ Further- 
more, Ducceschi’s discovery that hydrochloric acid diminishes the tonus 
of the pyloric portion of the stomach* may have its application here; 
the acid would be secreted as food is taken and would then cause re- 
laxation of the very region which is most strongly contracted. 

The Concomitance of Contractions and Hunger in Man.—Although 
the evidence above outlined had led me to the conviction that hunger 
results from contractions of the alimentary canal, direct proof was still 
lacking. In order to learn whether such proof might be secured, one 
of my students, Mr. A. L. Washburn, determined to become accustomed 
to the presence of a rubber tube in the cesophagus.** Almost every day 
for several weeks Mr. Washburn introduced as far as the stomach a 
small tube, to the lower end of which was attached a soft-rubber bal- 
loon about 8 cm. in diameter. The tube was thus carried about each 
time for two or three hours. After this preliminary experience the 
introduction of the tube, and its presence in the gullet and stomach, 
were not at all disturbing. When a record was to be taken, the balloon, 
placed just below the cardia, was moderately distended with air, and 
was connected with a water manometer ending in a cylindrical chamber 
3.5 cm. wide. A float recorder resting on the water in the chamber 
permitted registering any contractions of the fundus of the stomach. 
On the days of observation Mr. Washburn would abstain from breakfast, 
or eat sparingly ; and without taking any luncheon would appear in the 
laboratory about two o’clock. The recording apparatus was arranged 
as above described. In order to avoid the possibility of an artifact, a 
pneumograph, fastened below the ribs, was nrade to record the move- 
ments of the abdominal wall. Between the records of gastric pressure 
and abdominal movement, time was marked in minutes, and an electro- 
magnetic signal traced a line which could be altered by pressing a key. 
All these recording arrangments were out of Mr. Washburn’s sight; he 
sat with one hand at the key, ready whenever the sensation of hunger 
was experienced to make the current which moved the signal. 

Sometimes the observations were started before any hunger was 
noted ; at other times the sensation, after running a course, gave way to 
a feeling of fatigue. Under either of these circumstances there were 
no contractions of the stomach. When Mr. Washburn stated that he 
was hungry, however, powerful contractions of the stomach were in- 
variably being registered. As in the experience of the psychologists, 
the sensations were characterized by periodic recurrences with free inter- 

“The absence of hunger in Busch’s patient while food was being eaten 
(see p. 295) can also be accounted for in this manner. 

“ Ducceschi, Archivio per le Scienze Mediche, 1897, XXI., p. 154. 

“Nicolai (loc. cit.) reported that although the introduction of a stomach 


tube at first abolished hunger in his subjects, with repeated use the effects became 
insignificant. 
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vals, or by periodic accesses of an uninterrupted ache. The record of 
Mr. Washburn’s introspection of his hunger pangs agreed closely with 
the record of his gastric contractions. Almost invariably, however, the 
contraction nearly reached its maximum before the record of the sen- 
sation was started (see Fig. 1). This fact may be regarded as evidence 








Fic. 1. One half the original size. The top record represents intragastric pres- 
sure (the small oscillations due to respiration, the large to contractions of the 
stomach) ; the second record is time in minutes (ten minutes); the third record is 


Mr. W.’s report of hunger pangs ; the lowest record is respiration registered by means 
of a pneumograph about the abdomen. 


that the contraction precedes the sensation, and not vice versa, as Boldi- 
reff considered it. The contractions were about a half-minute in dura- 
tion, and the intervals between varied from thirty to ninety seconds, 
with an average of about one minute. The augmentations of intragastric 
pressure in Mr. Washburn ranged between 11 and 13 in twenty 
minutes; I had previously counted in myself eleven hunger pangs in 
the same time. The rate in each of us was, therefore, approximately 
the same. This rate is slightly slower than that found in dogs by 
Boldireff; the difference is perhaps correlated with the slower rhythm 
of gastric peristalsis in man compared with that in the dog.** 

Before hunger was experienced by Mr. Washburn the recording 
apparatus revealed no signs of gastric activity. Sometimes a rather 
tedious period of waiting had to be endured before contractions oc- 
curred. And after they began they continued for a while, then ceased 
(see Fig. 2). The feeling of hunger, which was reported while the 
contractions were recurring, disappeared as the waves stopped. The 
inability of the subject to control the contractions eliminated the possi- 
bility of their being artifacts, perhaps induced by suggestion. The 
close concomitance of the contractions with hunger pangs, therefore, 
clearly indicates that they are the real source of those pangs. 

Boldireff’s studies proved that when the empty stomach is mani- 


“See Cannon, American Journal of Physiology, 1903, VIII., p. xxi; 1905, 
XIV., p. 344. 
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festing periodic contractions, the intestines also are active. Conceiv- 
ably all parts of the alimentary canal composed of smooth muscle share 


1pm -antidsioie 


Fic. 2. One half the original size. The same conditions as in Fig. 1. (Fifteen 
minutes.) There was a long wait for hunger to disappear. After 7, Mr. W. reported 
himself ‘“ tired but not hungry.’’ The record from y to 2 was the continuance on a 
second drum of @ to y. 











in these movements. The lower cesophagus in man is provided with 
smooth muscle. It was possible to determine whether this region in 
Mr. Washburn was active during hunger. 

To the cesophageal tube a thin-rubber finger-cot (2 cm. in length) 
was attached and lowered into the stomach. The little rubber bag was 
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Fig. 3. One half the original size. The top record represents compression of a 
thin rubber bag in the lower wsophagus. The pressure in the bag varied between 
9 and 13 cm. of water. The cylinder of the recorder was of smaller diameter than 
that used in the gastric records. The cesophageal contractions compressed the bag so 
completely that, at the summits of the large oscillations, the respirations were not 
registered. When the oscillations dropped to the time line, the bag was about half 
inflated. The middle line registers time in minutes (ten minutes). The bottom 
record is Mr. W.’s report of hunger pangs. 





distended with air, and the tube, pinched to keep the bag inflated, was 
gently withdrawn until resistance was felt. The air was now released 
from the bag, and the tube further withdrawn about 3 cm. The bag 
was again distended with air at a manometric pressure of 10 cm. of 
water. Inspiration now caused the writing lever, which recorded the 
pressure changes, to rise; and a slightly further withdrawal of the tube 
changed the rise, on inspiration, to a fall. The former position of the 
tube, therefore, was above the gastric cavity and below the diaphragm. 
In this position the bag, attached to a float-recorder (with chamber 
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2.3 cm. in diameter), registered the periodic oscillations shown in Fig. 
3. Though individually more prolonged than those of the stomach, 
these contractions, it will be noted, occur at about the same rate. It is 
probable that the periodic activity of the two regions is simultaneous, 
for otherwise the stomach would force its gaseous content into the 
cesophagus with the rise of intragastric pressure. 

What causes the contractions to occur has not been determined. 
From evidence already given they do not seem to be directly related 
to bodily need. Habit no doubt plays an important réle. For present 
considerations, however, it is enough that they do occur, and that they 
are abolished when food, which satisfies bodily need, is taken into the 
stomach. By such indirection, as already stated, are performed some 
of the most fundamental of the bodily functions. 

Peculiarities of Hunger Explained by Contractions.—If these con- 
tractions are admitted as the cause of hunger, most of the difficulties 
confronting other explanations are readily obviated. Thus the occur- 
rence of hunger at meal times is most natural, for, as the regularity of 
defecation indicates, the alimentary canal has habits. Activity returns 
at the usual meal time as the result of custom. By taking food regu- 
larly at'a definite hour in the evening for several days, a new hunger 
period can be established. Since at these times the cesophagus and the 
empty stomach strongly contract, hunger is aroused. 

The contractions furthermore explain the sudden onset of hunger 
and its peculiar periodicity—phenomena which no other explanation 
of hunger can account for. The quick development of the sensation 
after taking a cold drink is possibly associated with the well-known 
power of cold to induce contraction in smooth muscle. 

The great intensity of hunger during the first day of starvation, and 
its gradual disappearance till it vanishes on the third or fourth day, 
are made quite clear, for Boldireff observed that the gastric contrac- 
tions in his fasting dogs went through precisely such alterations of in- 
tensity, and were not seen after the third day. 

In fever, when bodily material is being most rapidly used, hunger 
is absent. Its absence is understood from an observation reported four 
years ago, that infection, with systemic involvement, is accompanied 
by a total cessation of all movements of the alimentary canal.*® Boldi- 
reff observed that when his dogs were fatigued the rhythmic contrac- 
tions failed to appear. Being “too tired to eat” is thereby given a ra- 
tional explanation. 

Another pathological form of the sensation—the inordinate hunger 
(bulimia) of certain neurotics—is in accordance with the well-known 
disturbances of the tonic innervation of the alimentary canal in such 
individuals. 


* Cannon and Murphy, Journal of the American Medical Association, 1907, 
XLIX., p. 840. 
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Since the lower end of tle cesophagus, as well as the stomach, con- 
tracts periodically in hunger, the reference of the sensation to the 
sternum by the ignorant persons questioned by Schiff was wholly nat- 
ural. The activity of the lower cesophagus also explains why, after the 
stomach has been removed, or in some cases when the stomach is dis- 
tended with food, hunger can still be experienced. Conceivably the in- 
testines also originate vague sensations by their contractions. Indeed 
the final banishment of the modified hunger sensation in the patient 
with duodenal fistula, described by Busch, may have been due to the 
lesgened activity of the intestines when chyme was injected into them. 

The observations recorded in this paper have, as already noted, nu- 
merous points of similarity to Boldireff’s observations on the periodic 
activity of the alimentary canal in fasting dogs. Each period of activ- 
ity, he found, comprised not only wide-spread contractions of the diges- 
tive canal, but also the pouring out of bile, and of pancreatic and in- 
testinal juices rich in ferments. Gastric juice was not secreted at these 
times; when it was secreted and reached the intestine, the periodic ac- 
tivity ceased.** What is the significance of this extensive disturbance? 
Recently evidence has been presented that gastric peristalsis is depend- 
ent on the stretching of gastric muscle when tonically contracted.*? 
The evidence that the stomach is in fact strongly contracted in hunger 
—i. e., in a state of high tone—has been presented above.*® Thus the 
very condition which causes hunger and leads to the taking of food is 
the condition, when the swallowed food stretches the shortened muscles, 
for immediate starting of gastric peristalsis. In this connection the re- 
cent observations of Haudek and Stigler are probably significant. They 
found that the stomach discharges its contents more rapidly if food is 
eaten in hunger than if not so eaten.*® Hunger, in other words, is 
normally the signal that the stomach is contracted for action; the un- 
pleasantness. of hunger leads to eating; eating starts gastric secretion, 
distends the contracted organ, initiates the movements of gastric diges- 
tion, and abolishes the sensation. Meanwhile pancreatic and intestinal 
juices, as well as bile, have been prepared in the duodenum to receive 
the oncoming chyme. The periodic activity of the alimentary canal in 
fasting, therefore, is not solely the source of hunger pangs, but is at the 
same time an exhibition in the digestive organs of readiness for prompt 
attack on the food swallowed by the hungry animal. 


“ Boldireff, loc. cit., pp. 108-111. 

“ Cannon, this journal, 1911, XXIX., p. 250. 

“The ‘‘empty’’ stomach and esophagus contain gas (see Hertz, Quarterly 
Journal of Medicine, 1910, III., p. 378; Mikulicz, ‘‘Mittheilungen aus dem 
Grenzgebieten der Medicin und Chirurgie,’’ 1903, XII., p. 596). They would 
naturally manifest rhythmic contractions on shortening tonically on their content. 

® Haudek and Stigler, Archiv fiir die gesammte Physiologie, 1910, CXXXIIL., 
p. 159. 
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Tue charter of the Royal Society of | 


and exactly two hundred and fifty | 
years thereafter, the event has been | 
The organiza-| 
tion of society in Great Britain makes | 
social functions more successful than | 
| sities and learned societies, among 
celebration were social rather than | 
scientific. They consisted of a service | 





BURLINGTON Hovss, from a drawing by Lady Huggins. 


THE PROGRESS OF SCIENCE 


the society in Burlington House; a 
banquet at the Guild Hall, when toasts 
were proposed by the prime minister, 
Lord Morley and the Archbishop of 
Canterbury; a conversazione at Bur- 
lington House; receptions by the king 
and queen and other entertainments, 
and the conferring of degrees at Ox- 
ford and Cambridge. There were pres- 
ent 132 foreign delegates from univer- 


whom the United States were repre- 
sented by 23. 

The Royal Society was established at 
nearly the same time as the Paris 
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Academy, and the two societies were | 
unrivaled centers of , scientific produe- | 
tivity, until the development of the | 
German universities in the nineteenth | 
century. It is remarkable how large a | 
proportion of the men, from Newton | 
to Darwin, who have originated new | 
movements and new epochs in science | 
have been members of the Royal So- | 
ciety. It is difficult to say*to what ex- | 
tent the society has been responsible 
for their performance. Shortly after 
his election, Newton wrote to the secre- 
tary: ‘‘I desire that you will procure | 
that I may be put out from being any | 
longer Fellow of the Royal Society.’’ | 
Later he was for many years president, 
but at that time he was master of the 
mint and engaged in writing on sub- 
jects such as ‘‘The Prophecies of 





OF THE RoyAL SOCIETY. 


Daniel and the Apocalypse of St. 
John.’’ Darwin presented his paper 
“On the Tendency of Species to form 
Varieties; and on the Perpetuation of 
Varieties and Species by Natural, 
Means of Selection’’ to the Linnean 
Society, and but rarely attended the 
meetings of the Royal Society. 

At the commemoration dinner, Mr. 
Asquith, the prime minister, said: 
‘“*The society has not, I think, at any 
time had any direct financial assistance 
from the government. For this the 
government may be criticized; but I 
venture to think the society is to be 
congratulated. It is not well that 
science should be a mendicant for state 
endowment. I do not forget the annual 
grants for scientific research which 
are administered by the society; but 
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OLD GRESHAM COLLEGE, in which the meetings of the Royal Society were first held. 


their administration is not a benefit | tribute equally to the welfare of the 
conferred on the society by the state, | state, and deserve equally to be paid 
but a service conferred on the state by | for their services. 

the society.’’ It is not clear why these 
sentiments should have been applauded| THE FIRST INTERNATIONAL 
by those present. In the first place EUGENICS CONGRESS 

they are not strictly correct. The so- THE First International Eugenics 
ciety received £1,300 from King Charles | Congress has just been held in London. 
and tried hard to get more. Indeed, | Its sittings ran from July 24 to July 
the king granted them a share in the | 30, and were better attended and more 
confiscated Irish estates, but the money | animated at the end than at the be- 
failed to reach them. Apart from the} ginning. That is, their interest, both 
annual grant of £4,000 to be awarded | to delegates and general public, grew 
for scientific research, the government | rather than diminished, which is an 
provides £1,000 for publications and | excellent augury for the next meeting. 
the rooms in Burlington House. But| This first congress can be truthfully 
why should the society be congratu- | called a success. Its organization and 
lated because it has received no govern- | conduct, thanks to the London com- 
ment support? It was scarcely an ad- | mittees and its helpers, the sympathetic 
vantage that Newton presented his| but firm presiding of Major Leonard 
resignation because he was unprepared | Darwin, and the extraordinarily effec- 
to pay a shilling a week as dues, or | tive secretarial work of Mrs. 8. Gotto, 
that the society could not have made| were wholly good. Delegates and 
possible Darwin’s work if he had | readers came from eight nations, 
needed assistance. The presidents of | audiences of fair size attended all the 
the society preceding Sir Archibald | sessions, and the London press reports 
Geikie, Sir William Huggins and Lord | were unexpectedly full and sympa- 
Rayleigh, have been able to make their | thetic. The hospitality shown the at- 
great contributions to science owing to | tendant delegates and readers of papers 
their inherited wealth. The prime min-| was of the best English type, than 
ister has been instrumental in paying | which there is admittedly no better. 
members of parliament, because the old | It is of interest to note, however, that 
aristocratic methods no longer suffice. | of the largest and most elaborate three 
The fellows of the Royal Society con- | receptions tendered the delegates two 
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were given by American hostesses, | present, and their papers were read by 
namely, by the Duchess of) Marl-| their colleagues. 
borough at Sunderland House and by | The decision as to the time and place 
Mrs. Whitelaw Reid at Dorchester | of the next congress was deferred and 
House. | will be made in August, 1913, by the 
Thirty-one papers were presented be- | permanent international committee, 
fore the congress, in English, French | which has been provisionally organized 
and Italian. The papers from Ger-| subject to re-arrangement by the vari- 
man, Danish and Norwegian sources,| ous national consultative committees. 
as well most of those from Italian,| San Francisco presented an invitation 
were given in English. Of these | to the committee to hold the next con- 
thirty-one papers eight came from the| gress there in 1915 at the time of the 
United States, their authors being (in | Panama-Pacific Exposition, and the 
order of presentation of paper) Dr. | committee members are inclined to con- 
Raymond Pearl, Dr. David F. Weeks,| sider the invitation seriously. Dr. 
Dr. C. B. Davenport, Mr. Bleecker van | Ploetz, of Munich, president of the 
Wagenen, Professor 8. G. Smith, Pro- | International Society for Race Hygiene, 
fessor V. L. Kellogg, Dr. Frederick | presented informally to the delegates 
Adams Woods and Professor H. E.|/a plan for the establishment of an 
Jordan. Dr. Weeks, Dr. Davenport and | international union of scientific race- 
Professor Jordan were unable to be, hygiene and eugenics societies which 
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would be distinct from the interna- 
tional affiliation for the sake of holding 
popular congresses. The delegates 
seemed not wholly of one mind in re- 
gard to this. The American members 
of the international committee as at 
present provisionally organized are 
Messrs. van Wagenen, Woods, Pearl 
and Kellogg. 

It will not be possible to present 
here ever so slight a report of the 
papers read at the congress, and of the 
no less important and animated dis- 
cussions which most of these papers 
aroused. It must suffice to say that 
these papers ranged over a wide field of 
biologic, medical and sociologie study, 
with the subject of heredity ever being 
the special one chiefly in evidence. 
The papers and discussions ran &lso 
a long gamut between the extremely 
speculative and the extremely practical. 
But there was in most of them a grati- | 
fying tendency to hug closely the shore | 
of real scientific ground. To different | 
nations the term eugenics seems to have 
different nuances of meaning, but there 
is in them all a sufficient commonness | 
to make desirable international eon: | 
sideration of eugenics problems. | 

The inauguration of this new series | 
of international congresses is another | 
witness of the growth of that best type | 
of internationalism that leads scientific 
men to step unhesitatingly across | 
political imaginary lines whenever they 
feel that they can work more effectively 
together than apart. 








THE POPULAR SCIENCE MONTHLY 



































and of Mr. Andrew Lang, known for 
his contributions to anthropology as 
well as for his literary and critical 
work, 


THE presidents of the Royal Society 
and the Royal College of Surgeons 
have formed a large and representative 
committee for the purpose of estab- 
lishing a memorial to the late Lord 
Lister.—A committee representing the 
engineering societies of the British 
Empire and the United States has been 
formed to carry into effect a proposal 
for the erection in Westminister Abbey 
of a memorial window to the late Lord 
Kelvin. 

PROFESSOR JEREMIAH W. JENKS, of 
Cornell University, has been appointed 
financial adviser to the Chinese repub- 
lic.—Professor Charles Lincoln Edwards 
has been appointed naturalist of the 
Park Department of the City of Los 
Angeles, with the commission to plan 
a Zoological Park and Aquarium. 


THE following lectures will be de- 
livered at the International Congress of 
Applied Chemistry to be held in New 
York in September: ‘‘The Role of the 
Infinitely Small in Biological Chem- 
istry,’’? by M. G. Bertrand, of Paris; 
‘*Oxidation of Atmospheric Nitrogen 
in Norway,’’ by Dr. S. Eyde, of Chris- 
tiania; ‘‘The Most Recent Problems of 
Chemical Industry,’’ by. Dr. C. Duis- 
berg, of Elberfeld; ‘‘ Permanent Fire- 
proofing of Cotton Goods,’’ by Pro- 
fessor W. H. Perkin, F.R.S., of Man- 


chester; ‘‘Synthetic Ammonia,’’ by 

SCIENTIFIC ITEMS Dr. H. A. Bernthsen, of Ludwigshafen ; 

WE regret to record the death of | ‘‘The Photochemistry of the Future,’’ 
M. Jules Henri Poincaré, the great | by Mr. G. Ciamician, of Bologna, and 
mathematician and man of science; of ‘Priestley in America,’’ by President 
M. Floris Osmond, eminent for his| Ira Remsen, of the Johns Hopkins 
contributions to the metallurgy of steel, University. 





